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□  □ 


The  purpose  of  this  study  was  to  evaluate  chemical  test 
kits  for  the  detection  of  lead  in  paint.  The  intent  of  the 
research  was  to 

develop  a  standard  evaluation  procedure  for  follow-on 
studies  and  assess  the  baseline  performcince  of  the  kits. 

Tests  were  conducted  with  five  kits  on  sample  paint 
films  of  known  lead  concentrations.  Interferences  in  the 
makeup  of  the  paint  caused  two  sodium  sulfide  kits  to  fail 
with  100%  false  positive  readings  for  lead.  Two  sodium 
rhodizonate  kits  failed  due  to  100%  false  negative  readings. 
One  sodium  rhodizonate  kit  provided  positive  and  negative 
readings  that  varied  as  expected  depending  on  concentration. 
In  spite  of  these  difficulties,  the  research  provides  a 
basis  for  test  kit  evaluation  and  information  on  the 
problems  that  can  be  encountered  when  performing  chemical 
spot  tests. 
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Abstract 

This  research  compares  the  performance  of  five  chemical 
spot-test  kits  on  lead-based  paints.  The  kits  are  designed 
to  give  a  qualitative  assessment  of  lead  in  paint.  The 
intent  of  the  research  effort  was  to  develop  a  standard 
evaluation  procedure  for  follow-on  studies  and  assess  the 
baseline  performance  of  the  kits. 

The  test  kits  in  this  study  use  either  sodium  sulfide 
or  sodium  rhodizonate  to  react  with  the  lead.  The  presence 
of  lead  is  indicated  by  a  color  change.  The  kits  were  used 
to  test  prepared  sample  paint  films  at  seven  known  lead 
concentrations  ranging  from  0.04  to  1.3%  by  weight.  The 
study  was  designed  to  minimize  variables  such  as  paint 
composition,  paint  age,  layered  combinations  of  paints,  type 
of  substrate,  and  user  training. 

Two  sodium  culfide  kits  failed  w’ th  100%  false  positive 
readings.  Two  sodium  rhodizonate  kits  failed  due  to  100% 
false  negative  readings.  The  remaining  sodium  rhodizonate 
test  provided  positive  and  negative  readings  that  varied  as 
expected  with  concentration.  For  this  kit,  probabilities  of 
detection  were  calculated  euid  a  performance  curve  was 
generated  and  compared  to  a  discomfort  curve. 
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A  COMPARATIVE  TEST 
AND  EVALUATION  OF 
LEAD-BASED- PAINT  TEST  KITS 


Introduction 


General  laaue 

Although  people  have  known  eQx>ut  the  serious  health 
effects  of  lead  ingestion  for  thousemds  of  years,  the 
problem  of  lead  poisoning  still  exists.  The  main  focus  of 
concern  today  is  the  effect  that  lead  has  on  children.  The 
Centers  for  Disease  Control  labeled  it  as  "the  number-one 
environmental  problem  facing  America’s  children"  (30:3) . 
Construction  workers  also  have  a  significant  risk  of 
exposure  to  lead.  The  National  Institute  for  Occupational 
Safety  and  Health  (NIOSH)  issued  a  Health  Hazard  Alert  in 
1991  concerning  lead  poisoning  of  construction  workers 
(21:38) . 

One  of  the  biggest  potential  sources  of  lead  exposure 
for  humcuis  is  lead-based  paint  (21:39).  In  the  past,  lead 
was  a  common  pigment  in  paints.  As  these  old  paints  wear, 
children  can  be  exposed  to  the  lead  by  ingesting  paint  chips 
or  paint  dust  that  gathers  in  the  home.  A  serious  hazard 
also  exists  for  construction  crews  who  perform  renovation 
cind  demolition  work  where  leaded  paint  is  present. 
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The  concentration  of  lead  in  paint  varied  over  the 
years  depending  on  the  meinufacturers  and  regulations.  Lead 
concentrati or.o  ranging  from  0%  to  65%  by  weight  (%  w/w)  can 
be  found  in  any  facility  built  prior  to  1977  (7:2).  In  1977 
the  Consumer  Product  Safety  Commission  (CPSC)  set  0.06%  w/w 
as  the  maocimum  allowable  concentration  of  lead  in  household 
paint  but  did  not  limit  its  use  in  industrial  paints  (4) . 
Therefore,  the  potential  for  lead  exposure  exists  at  a  wide 
range  of  concentrations  in  any  age  or  type  of  facility. 

Several  agencies  have  conducted  studies  to  determine 
the  extent  and  location  of  leaded  paint  in  housing.  In  a 
1990  national  survey,  the  U.S.  Department  of  Housing  and 
Urban  Development  (HUD)  found  that  "74  percent  of  all 
occupied  housing  units  built  before  1980  have  lead-based 
paint  somewhere  in  the  building"  (8:3-6).  According  to  the 
survey,  the  lilcelihood  of  encountering  lead-based  paint  and 
the  concentrations  expected  vary  depending  on  the  type  of 
surface.  For  example,  they  found  lead-based  paint  much  more 
often  on  molding  than  on  walls  (8:3-21). 

Because  of  the  large  number  of  pre-1980  homes,  it  is 
impractical  to  treat  all  of  them  as  if  they  contain  leaded 
paint.  The  time  and  cost  of  abatement  are  prohibitive.  HUD 
estimates  that  the  average  cost  for  removal  of  paint  in  a 
housing  \init  is  $11,870  (8:4-11).  By  this  estimate,  it 
would  cost  the  Air  Force  nearly  1.5  billion  dollars  to 
remove  the  paint  from  its  pre-1980  housing  units.  Testing 
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and  inspection  methods  have  to  be  used  to  identify  and 
prioritize  lead  paint  hazards. 

Paint  Testing 

Several  means  of  analyzing  for  lead  in  paint  are 
availcible.  This  research  divides  the  analysis  methods  into 
three  groups:  leiboratory  testing,  quantitative  field 
testing,  and  qualitative  field  testing. 

Laboratory  analyses  of  paint  samples  are  usually 
conducted  by  either  Atomic  Absorption  Spectroscopy  (AAS)  or 
Inductively  Coupled  Plasma  (ICP)  Spectroscopy.  Laboratory 
testing  is  more  precise  them  field  testing  but  is  also  more 
costly,  more  time  consuming,  emd  less  convenient  (7:46). 

Portable  X-Ray  Fluorescence  (XRF)  is  the  method  used 
most  often  in  the  field  to  obtain  a  quantitative  measurement 
of  lead  in  paint  (9:25) .  XRF  equipment  can  present  a 
radiation  hazard  and  requires  extensive  training  and 
experience  to  obtain  acceptable  readings  (7:41;  9:A13-12). 
This  equipment  is  initially  expensive  to  purchase  but 
repeated  use  eventually  lowers  the  cost-per-sample  below 
that  of  full  laboratory  analytical  testing. 

Chemical  test  kits  are  available  to  provide  a 
qualitative  field  test  for  lead  on  painted  surfaces.  These 
test  kits  provide  an  indication  of  the  presence  or  absence 
of  lead  above  some  detection  level.  Even  though  the 
chemical  tests  cemnot  determine  the  amount  of  lead  in  paint. 
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they  can  serve  as  an  inexpensive  screening  tool  if  their 
detection  levels  and  reliabilities  can  be  determined.  The 
HUD  Lead-Based  Paint  Interim  Guidelines,  generally  accepted 
as  the  industry  standard,  do  not  allow  for  the  use  of 
chemical  test  kits  because  they  have  "not  been  adequately 
validated"  (9:25).  However,  in  a  report  prepared  for  HUD, 
the  National  Institute  of  Standards  and  Technology  (NIST) 
recommends : 

Evaluation  of  [chemical]  spot  tests  should  be 
continued  to  assess  the  causes  of  erroneous 
results  and  to  investigate  variabilities  in 
results  due  to  the  tester  and  to  paint  film 
properties.  (7:48) 

Air  Force  Requirements 

Current  policy  requires  all  Air  Force  installations  to 
identify  existing  lead  paint  hazards  but  not  all  have  the 
means  to  do  so  efficiently  (12) .  Many  Air  Force  bases  do 
not  have  on-base  laboratories  to  perform  analyses  for  lead 
in  paint.  These  bases  must  send  samples  for  laboratory 
analysis  to  another  base  or  to  a  local  lab  which 
significantly  increases  cost  and  turn  around  time. 

The  Air  Force  intends  to  use  portable  XRF  equipment  to 
survey  housing  and  other  facilities  (11:9) .  Current  plans 
are  to  purchase  one  XRF  analyzer  for  each  base 
bioenvironmental  office.  It  is  expected  to  take  from  one  to 
two  years  to  receive  the  analyzers  and,  once  they  are 
obtained,  bases  will  only  be  able  to  test  about  two  housing 
units  (6  rooms  each)  per  day  (24) .  The  priority  facilities 


4 


I 

I 

I 

for  inspection  by  the  bioenvironmental  office  will  be  those 
that  are  frequented  by  children  (11:3) .  It  will  be 
logistically  impossible  for  each  renovation  or  demolition 
job  site  to  also  be  checked  by  XRF. 

To  protect  themselves  and  building  occupeuits,  civil 
engineering  work  crews  need  a  quick  and  accurate  way  to 
screen  for  the  presence  of  lead  on  painted  surfaces.  The 
most  likely  way  to  meet  this  need  is  with  chemical  spot 
tests.  Unlike  the  HUD  guidelines,  the  recently  released  (24 
May  93)  Air  Force  Guidance  on  Lead-Based  Paint  allows  for 
the  use  of  chemical  spot  tests  (11:9,10).  Civil  engineering 
crews  could  use  these  kits  to  check  for  lead  before  working 
with  painted  surfaces  and  to  prioritize  the  XRF  testing. 

Problem  Definition 

The  Air  Force  Civil  Engineering  Support  Agency  (AFCESA) 
recommended  this  research  effort  to  determine  if  any  of  the 
commercially-sold  lead  test  kits  has  the  potential  to  be 
used  by  Civil  Engineering  to  screen  for  lead  on  painted 
surfaces.  To  make  a  recommendation,  AFCESA  needs  to  know 
the  detection  level,  reliability,  and  ease-of-use  of  each 
kit  (24)  .  The  detection  level  or  sensitivity  is  the  lead 
concentration  at  which  the  kit  reliably  identifies  the 
presence  of  lead  in  the  paint.  For  this  research,  the 
detection  level  is  defined  as  the  concentration  where  at 
least  95%  of  the  tests  result  in  positive  readings. 
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Reliability  here  refers  to  the  ability  of  the  kit  to 
repeatedly  give  the  seune  results,  whether  positive  or 
negative,  at  a  given  lead  concentration.  It  enconpasses 
both  repeatability  of  results  by  a  single  user  and 
reproducibility  of  results  by  multiple  users.  The 
reliability  of  producing  a  positive  result  is  the  Scune  as 
the  probability  of  detection. 

The  reliability  and  detection  level  of  a  test  kit  at 
various  lead  concentrations  can  be  evaluated  by  developing  a 
performance  curve  (41)  .  All  of  the  test  kits  should  have  an 
upper  concentration  range  at  which  all  readings  are  positive 
for  lead  detection,  a  lower  concentration  range  at  which  all 
readings  are  negative,  and  a  transition  range  between  the 
two.  A  plot  of  the  probability  of  detection  versus  lead 
concentration  defines  these  regions  and  creates  the 
performance  curve.  The  detection  level  is  then  identified 
by  the  curve  at  the  point  where  the  probability  of  detection 
equals  95%. 

The  Air  Force  has  adopted  an  action  level  of  0.5%  w/w 
of  lead  in  paint  (11:8).  If  the  lead  concentration  is  at  or 
above  0.5%  w/w,  protective  measures  are  taken  before 
removing,  sanding,  or  cutting  the  painted  surface.  The 
usefulness  of  each  test  kit  depends  on  where  the  transition 
region  of  its  performance  curve  occurs  relative  to  the 
action  level  of  0.5%  w/w. 
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False  negative  and  false  positive  readings  are  defined 
with  respect  to  the  action  level .  A  false  negative  reading 
is  any  negative  result  when  the  lead  concentration  is  above 
0.5%  w/w.  A  false  positive  reading  is  any  positive  result 
when  the  lead  concentration  is  below  0.5%  w/w.  Therefore, 
if  the  lead  concentration  is  below  the  action  level,  a 
positive  reading  will  still  be  considered  false  even  though 
lead  is  actually  being  detected. 

The  acceptable  rates  of  false  positive  and  false 
negative  readings  are  not  equal.  False  positive  readings 
have  the  effect  of  needlessly  spending  money  to  mitigate  a 
hazard  when  none  exists.  A  false  negative  reading  creates 
the  risk  of  allowing  a  health  hazard  to  go  uiunanaged  and 
thereby  allowing  someone  to  be  exposed  to  a  hazardous 
substance.  A  decision  maker  must  determine  for  each 
situation  what  level  of  comfort  is  required  for  each  type  of 
error.  For  example,  the  decision  maker  might  accept  a  10% 
chance  of  wasting  money  but  only  a  5%  chance  of  exposing 
someone  to  an  unknown  hazard.  A  plot  of  the  acceptable 
probability  of  each  type  of  error  versus  the  magnitude  of 
risk  is  sometimes  called  a  discomfort  curve  (18) . 

Test.  KlL  E.valua.tiQn 

To  provide  a  definitive  answer  to  the  AFCESA  question, 
the  performance  of  each  test  kit  needs  to  be  evaluated  under 
multiple  conditions .  The  test  procedures  under  all 
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conditions  must  be  standardized  so  that  the  test  results  can 
be  compared  and  combined.  The  important  parameters  for 
standardization  are  test  kit  brands,  sampling  procedures, 
units  of  measure  for  lead  concentration,  and  data  reporting 
methods.  These  parameters  were  not  standardized  for  the 
previously  conducted  studies  of  test  kits.  As  a  result,  the 
tests  are  difficult  to  interpret,  impossible  to  compare,  and 
provide  only  fragmented  pieces  of  information  on  the 
abilities  of  the  kits. 

The  lead  paint  concentrations  used  for  testing  should 
be  extended  across  the  range  that  bounds  the  detection 
levels  of  the  kits .  The  greatest  nvunber  of  concentrations 
and  the  greatest  number  of  samples  per  concentration  need  to 
be  in  the  region  where  the  readings  tremsition  from  positive 
to  negative.  The  results  can  then  be  reported  in  terms  of 
probability  of  detection  as  a  performance  curve  and  the 
acceptcdsility  of  performance  can  be  compared  to  a  set 
discomfort  curve. 

The  test  kit  evaluations  must  be  completed 
systematically  to  evaluate  the  influence  of  various 
parameters .  The  performance  of  the  test  kits  can  be 
influenced  by  paint  composition,  type  of  lead  pigment,  paint 
age,  layered  combinations  of  paints,  sample  homogeneity, 
type  of  substrate,  ai^d  user  training.  A  complete  assessment 
of  the  performance  of  the  kits  will  require  an  individual 
evaluation  of  how  each  variable  affects  kit  performance. 


8 


The  assessment  should  begin  with  the  establishment  of  a 
baseline  performance  curve  for  each  kit.  This  baseline  will 
provide  a  comparison  to  evaluate  changes  in  performance  from 
all  other  variables.  Next,  the  variables  that  can  affect 
performance  should  be  analyzed  individually  in  the 
laboratory  by  carefully  controlling  all  other  variables. 

The  assessment  would  then  proceed  to  field  testing  with 
variables  controlled  as  possible.  Some  parameters  such  as 
paint  composition,  paint  layering,  and  type  of  lead  pigment 
will  be  unknown  in  field  testing.  Other  parameters  such  as 
substrates  and  user  training  are  controllable.  Although  it 
is  tempting  to  try  to  obtain  a  final  answer  with  massive 
field  tests,  a  systematic  building  of  a  data  base 
facilitates  the  compilation  and  interpretation  of  test 
results  in  the  long  run. 

Objectives 

The  purpose  of  this  research  is  to  develop  a  standard 
evaluation  procedure  for  follow-on  studies  and  assess  the 
baseline  performance  of  the  kits.  The  procedures  used  in 
this  study,  with  adjustments  as  necessary,  are  recommended 
as  the  basis  for  a  standard  evaluation.  Establishing  a 
baseline  requires  the  elimination  of  all  other  variables 
except  kit  brand  and  lead  concentration.  For  this  research 
effort,  substrate  type,  paint  composition,  paint  age,  paint 
layers,  and  user  training  were  all  held  constant  and  all 
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testing  was  done  under  le±>oratory  conditions.  This  was  done 
to  provide  a  best-case  analysis  of  the  performance  for  each 
kit . 

The  evaluation  of  the  baseline  performance  curve  for 
the  test  kits  required  the  following  steps: 

1)  Define  the  discomfort  curve. 

2)  Determine  what  qualitative  test  kits  are  available. 

3)  Select  a  lead  concentration  range  for  testing. 

4)  Test  each  kit  on  a  common  basis  under  controlled 
conditions . 

5)  Determine  the  probability  of  lead  detection  for 
each  kit  at  selected  lead  concentrations. 

6)  Plot  baseline  performance  curves  based  on  the 
probabilities  of  detection  and  compare  to  discomfort 
curve. 

Limitations 

Many  different  lead  compounds  have  been  used  as 
pigments  and  driers  in  paint.  The  most  common  one  in  older 
paints  was  basic  carbonate  white  lead  (25:351) .  However,  it 
is  no  longer  in  use  even  in  industrial  paints  (35) .  The 
leaded  paint  used  in  this  research  effort  was  a  yellow 
industrial  paint  pigmented  with  lead  chromate.  Although  not 
as  common  in  older  paints  as  basic  carbonate  white  lead,  it 
has  been  used  as  a  pigment  in  both  the  commercial  and 
industrial  paint  industries  and  is  indicative  of  paint  that 
could  be  encountered  in  the  field  (25:380) . 
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Monetary  eind  time  constraints  limited  the  number  of 
leaded  paint  concentrations  that  could  be  prepared.  Also 
limited  were  the  number  of  tests  that  could  be  conducted  by 
each  kit  at  each  concentration.  Testing  could  not  be  done 
to  determine  the  minimum  detection  level  of  each  kit.  The 
concentration  range  used  for  the  testing  bovinded  the  action 
level  of  0.5%  w/w  so  that  the  performance  of  the  kits  were 
evaluated  within  the  range  where  the  kits  would  be  most 
useful . 

Once  the  presence  of  lead  is  established,  the  question 
of  how  to  deal  with  it  arises.  This  research  does  not  cover 
any  abatement  options.  A  variety  of  management  alternatives 
have  been  developed  and  are  already  being  used.  The  method 
of  preference  depends  on  the  types  emd  locations  of  the 
painted  surfaces.  Civil  engineering  personnel  will  be 
trained  in  methods  of  lead  paint  management  that  can  be  used 
after  the  presence  of  lead  has  been  identified  (11:17). 
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One  of  the  main  sources  of  lead  for  lead  poisoning  of 
hiomans  today  is  lead-based  paint  in  housing  and  other 
facilities  (21:39).  As  with  housing  in  the  rest  of  the 
country,  lead-based  paint  is  a  potential  problem  in  military 
housing.  The  Air  Force  recently  (24  May  93)  released  policy 
and  guidance  documents  to  begin  to  investigate  the  scope  of 
the  problem  (11;  12) . 

To  appreciate  the  significance  of  the  problem  of  lead- 
based  paint,  this  section  presents  information  on  the  toxic 
effects  of  lead  and  on  the  use  and  regulation  of  lead  in 
paints.  A  comparison  of  the  historical  infoirmation  to  the 
age  distribution  of  Air  Force  housing  shows  that  the  Air 
Force  can  expect  to  find  large  numbers  of  housing  units  with 
lead-based  paint.  Next  is  a  presentation  of  the  primary 
availcdjle  means  of  testing  for  lead  in  paint.  Analyses  can 
be  performed  in  the  laboratory  by  spectroscopy  or  in  the 
field  by  X-Ray  Florescence  (XRF)  or  chemical  spot  tests. 

Each  method  has  adveintages  and  disadvantages  relating  to 
accuracy,  portability,  usability,  and  cost.  Finally,  the 
section  reviews  the  results  from  previous  testing  of 
chemical  spot  tests. 
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Lead 


Lead  is  a  cumulative  poison  which  collects  in  the 
blood,  liver,  bones,  kidneys,  and  brain.  Some  of  the 
symptoms  of  severe  lead  poisoning  include  headache, 
weakness,  hyperactivity,  reproductive  difficulties, 
insomnia,  and  joint  pain  (10:2).  Problems  may  also  result 
from  low  doses  of  lead.  Low  IQ  scores  and  developmental 
problems  in  children  have  been  foxind  to  occur  at  low  blood 
lead  levels  that  were  previously  thought  to  be  harmless.  A 
combined  analysis  of  several  studies  on  lead's  effect  on  IQ 
concluded  that  there  is  "a  strong  link  between  low-dose  lead 
exposure  and  intellectual  deficit  in  children"  (28:677). 

Children.  Lead  affects  children  more  than  adults  for 
several  reasons.  Children  are  more  likely  to  ingest 
available  lead  because  of  their  behavioral  habits.  Their 
play  area  is  typically  on  the  floor  where  leaded  dust  from 
paint  and  soil  collects  and  they  are  more  likely  to  put 
paint  chips  and  dirty  hands  in  or  near  their  mouths. 

Ingested  lead  is  absorbed  at  a  higher  rate  in  children  than 
in  adults.  The  absorption  rate  for  children  is 
approximately  50%  of  ingested  lead  whereas  the  absorption 
rate  for  adults  is  about  10%  (31:6).  A  higher  absorption 
rate  eind  lower  body  weight  per  dose  make  even  small  amounts 
of  ingested  lead  a  potential  problem  for  children.  The 
problem  is  also  compounded  for  children  because  lead  hampers 
development.  The  brain  during  childhood  is  especially 
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sensitive  to  the  effects  of  lead  because  of  the  rapid  growth 
that  occurs  in  those  years  (31:2). 

These  factors  are  causing  a  sense  of  urgency  around  the 
country  in  dealing  with  sources  of  lead  and  lead  poisoning 
of  children.  Because  of  studies  showing  that  even  low  blood 
lead  levels  can  cause  harm,  the  government  recently  reduced 
the  acceptable  level  of  lead  in  the  blood  of  children.  The 
new  level  at  which  action  must  be  taken  to  reduce  blood  lead 
levels  is  10  micrograms  per  deciliter  (mg/dL)  of  blood 
(22:252).  The  previous  limit  was  25  mg/dL. 

Construction  Workers .  Another  target  group  for  concern 
is  the  construction  industry.  Construction  workers  often 
perform  renovation,  demolition,  and  maintenance  work  on 
facilities  where  lead-based  paints  are  present.  Some 
estimates  suggest  that  tens  of  thousands  of  construction 
employees  are  affected  by  lead  poisoning  (30:3).  In  August 
of  19S1,  the  National  Institute  for  Occupational  Health  and 
Safety  (NIOSH)  issued  a  Health  Hazard  Alert  for  construction 
workers.  NIOSH  warned  that  operations  such  as  sand 
blasting,  cutting,  sanding,  and  welding  of  surfaces  with 
lead-based  paints  create  a  significant  lead  exposure  hazard 
(21:38) . 

The  construction  industry  has  historically  received 
less  protection  from  lead  exposure  than  has  industry  in 
general.  The  permissible  exposure  limit  for  construction 
workers  is  approximately  4  times  that  for  general  industry 
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(3:37).  Studies  show  that  even  the  higher,  construction 
industry  standard  can  be  exceeded  by  a  factor  of  100  during 
abrasive  blasting  operations  (10:4).  Problems  with 
providing  protection  for  high  levels  of  lead  are  compounded 
by  Environmental  Protection  Agency  (EPA)  requirements  that 
the  dust  be  confined  in  the  work  area  (30:4)  .  Until  the  mix 
of  stcindards  can  be  worked  out,  NIOSH  recommends  that 
construction  crews  follow  general  industry  stemdards  when 
working  with  potential  lead-paint  surfaces  (36:67). 

History 

Lead  compounds  were  used  as  pigments  all  over  the  world 
for  thousands  of  years  (17:56).  Aroxand  the  turn  of  the 
twentieth  century,  basic  carbonate  white  lead  gained  a  great 
popularity  as  a  white  base  paint  pigment.  It  gave  to  paint 
qualities  of  adhesion,  toughness,  elasticity,  and  durability 
(25:352).  Mcuiy  coxintries  realized  the  hazard  that  lead 
pigments  posed  for  human  health  and  by  1921  lead-based  paint 
had  been  banned  in  Australia  and  many  European  covintries 
(27:287).  Unfortunately,  the  United  States  did  not  join  in 
the  ban  at  that  time.  In  fact,  old  federal  specifications 
for  white- lead  paints  required  lead  concentrations  of 
approximately  65%  by  weight  (%  w/w)  in  the  dry  paint  film 
(7:2).  The  paint  industry  used  other  lead  compounds  besides 
basic  lead  carbonate  as  pigments  and  driers  in  paint  at 
various  concentrations .  Some  of  the  common  compounds  are 
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basic  sulfate  white  lead,  leaded  zinc  oxide,  lead  chromate, 
lead  sulfate,  and  red  lead  (25:352-385). 

Manufacturing  Regulation.  After  World  War  II,  concerns 
over  the  potential  problems  of  exposure  to  leaded  paints 
grew  and  the  use  of  lead  in  paint  decreased.  In  1953,  the 
paint  industry  volxmtarily  reduced  the  level  of  lead  in 
house  paints  to  1%  w/w  (5:533).  Realization  that  lead-based 
paints  were  still  posing  a  serious  problem  of  lead  exposure 
resulted  in  another  voluntary  cut  to  0.5%  w/w  in  1962 
(5:535).  However,  without  regulation  it  is  difficult  to 
)cnow  which  manufacturers  actually  followed  the  industry 
stcindards.  Even  after  the  voluntary  industry  cuts, 
concentrations  as  high  as  20%  -  25%  w/w  could  be  found  in 
primers  purchased  by  government  agencies  under  federal 
specifications  (35) . 

Continued  problems  brought  about  federal  regulation  of 
leaded  paints  through  pas.sage  of  the  Lead-Based  Paint 
Poisoning  Prevention  Act  in  1971  (9:4).  From  1973  to  1977 
the  Consumer  Product  Safety  Commission  (CPSC)  considered 
0.5%  w/w  to  be  a  safe  level  of  lead  in  paint  (8:1-3).  The 
final  restriction  on  lead  in  the  manufacture  of  surface 
coatings  for  consumer  use  went  into  effect  on  27  Feb  78. 

The  CPSC  made  the  following  declaration: 
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Paint  and  similar  surface-coating  materials  for 
consiimer  use  that  contain  lead  or  lead  compounds 
and  in  which  the  lead  content... is  in  excess  of 
0.06  percent  of  the  weight  of  the  total 
nonvolatile  content  of  the  paint. . .are  banned. . . . 

(4) 

However,  this  requirement  did  not  cover  paints  sold  for 
industrial,  agricultural,  traffic  marking,  or  building 
coatings  (4) .  In  June  1981,  the  Air  Force  adopted  the  same 
limit  of  0.06%  w/w  for  lead  in  paint  used  in  housing  unics 
(13)  . 

Painted  Surface  Regulation.  Separate  requirements 
exist  for  lead-based  paints  that  were  applied  prior  to  the 
manufacturing  regulations .  Action  must  be  taken  to  remove 
or  control  the  deterioration  of  paint  whenever  the 
concentration  of  lead  is  greater  thcui  or  equal  to  either  a 
mass-per-area  concentration  of  1  mg/cm^  or  a  weight  percent 
of  0.5%  w/w  (9:2).  The  two  different  units  of  measure  are 
used  to  accommodate  the  available  means  of  testing  for  lead 
in  paint.  These  concentrations  are  set  for  federally 
administered  housing.  States  and  other  regulatory  agencies 
can  set  levels  that  are  more  stringent.  The  Air  Force 
adopted  the  0.5%  w/w  standard  but,  lowered  the  acceptable 
mass-per-area  concentration  to  0.5  mg/cm^  (11:8). 

There  is  not  a  simple  relationship  between  the  two 
standards.  The  conversion  from  %  w/w  to  mg/cm^  depends  on 
the  density  and  thickness  of  the  leaded  paint  film.  The 
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equation  for  conversion  is 


[Pb]  =  w/w.-^.  ..d  JLt  (1) 

100 

where  [Pb]  is  lead  concentration  (mg/cm^) ,  w/w  is  percent 
lead  by  weight,  d  is  paint  film  density  (mg/cm^),  and  t  is 
paint  film  thickness  (cm)  (7:2).  Equation  (1)  is 
represented  graphically  in  Figure  1  assuming  a  film  density 
of  2000  mg/cm^,  a  thiclcness-per-coat  of  0.005  cm,  and  a 
uniform  lead  concentration  in  all  coats  (7:53).  Using  these 
assumptions,  0.5%  w/w  and  0.5  mg/cm^  are  equal  at  ten  coats 
of  paint.  Since  housing  units  receive  a  coat  of  paint  about 
every  three  years  (the  average  length  of  stay  of  military 


Figure  1.  Correlation  of  Percent  by  Mass  to  Mass  per 
Area  of  Lead  in  Dry  Paint  Films  (Assumes 
thic]aiess  of  0.005  cm  per  coat  and  film 

density  of  2000  mg/cm^)  (7:53) 
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personnel)  and  the  average  age  of  the  units  is  31  years,  ten 
is  a  good  estimate  of  the  average  ntamber  of  layers  of  paint 
in  an  Air  Force  housing  unit  (33) . 

Use  of  two  different  units  of  measure  makes  comparison 
of  test  results  difficult.  Figure  1  shows  that  a  single 
coat  of  paint  containing  up  to  5%  w/w,  ten  times  the 
percentage  criterion,  still  passes  the  Air  Force  0.5  mg/cm^ 
criterion.  Similarly,  multiple  coats  with  lower  weight 
percents  of  lead  Ccm  be  acceptable  based  on  mass-per-unit- 
area.  On  the  other  hand,  if  a  composite  paint  sample  is 
taken  from  a  surface  for  analysis,  leaded  paint  can  be 
diluted  by  layers  of  nonleaded  paint  and  result  in  a  low 
weight  percent  of  lead.  The  painting  history  of  the  surface 
determines  which  of  the  two  units  of  measure  is  more 
conservative . 

Lead  Distribution 

A  variety  of  possible  exposure  levels  exist  in  all 

facilities  aroiind  the  country  because  of  the  gradual  changes 

in  lead  use  for  paints.  The  Air  Force  Policy  on  Lead-Based 

Paints  in  Facilities  states: 

Lead-based  paint  is  likely  to  be  foiond  in  all 
industrial  facilities,  on  all  steel  structures 
(water  tanks,  pipelines,  etc.),  in  yellow  painted 
pavement  markings,  cind  in  non- industrial 
facilities  constructed  prior  to  1980.  (12:2) 

National  Distribution  (8:3.1-3.33).  in  a  1990  report 

to  Congress,  HUD  presented  the  findings  of  a  national  survey 

of  lead-based  paint.  The  report  gives  an  estimate  of  the 
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percentage  of  houses  that  have  lead-based  paint  on  any 
interior  or  exterior  surface.  Figure  2  summarizes  the 
results  of  the  survey.  The  chart  shows  the  percentage  of 
housing  units  where  lead  exceeded  0.7  mg/cm^,  1,0  mg/cm^,  or 
2.0  mg/cm^.  It  can  be  seen  from  the  chart  that  the 
proportion  of  high  lead  concentration  decreased 
significantly  in  later  years.  The  HUD  survey  found  lead- 
paint  concentrations  greater  theui  0.7  mg/cm^  on  aui  average 
of  70%  of  exterior  surfaces  and  66%  of  interior  surfaces. 

HUD  also  found  that  the  incidence  of  lead-based  paint  varied 
by  component.  The  most  frequent  occurrences  were  on  metal 
items  such  as  radiators  and  heat  vents,  and  on  moldings  such 
as  window  sills,  crown  molding,  and  stair  trim. 


Figure  2 .  National  Distribution  of  Lead-Based  Paint  by 

Concentration  and  Period  of  Construction  (8:3.9) 
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Air  Force  Distribution.  Only  a  few  Air  Force  bases 
have  conducted  surveys  to  investigate  the  extent  of  lead- 
based  paint.  Armstrong  Laboratory  conducted  one  such  study 
at  March  Air  Force  Base  in  California  (38:1-10).  The  survey 
consisted  of  a  sample  of  exterior  surfaces  on  51  housing 
units  out  of  a  total  of  147  in  the  Green  Acres  Housing  area. 
Approximately  90%  of  the  units  sampled  had  lead-based  paint 
on  at  least  one  exterior  surface  and  60%  of  the  206  total 
samples  collected  had  lead  concentrations  greater  than 
0.5%  w/w  (38:7).  No  information  is  given  in  the  report  on 
the  age  of  the  housing. 

Armstrong  LeJaoratory  also  conducted  a  survey  at  the 
Griff iss  Annex  Housing,  Hancock  Field,  New  York  (37:1-9). 

The  units  were  approximately  32  years  old  and  both  inside 
and  outside  surfaces  were  tested  on  28  out  of  a  total  of  216 
units.  The  survey  found  that  "over  90%  of  the  window  sills 
in  the  dining  room  auid  living  room,  emd  the  outside  walls 
tested  positive"  (37:7).  The  report  does  not  state  what 
lead  concentration  was  used  as  the  action  level  for  the 
survey . 

There  are  currently  about  129,000  units  in  the  Air 
Force  with  an  average  age  of  31  years  (33)  .  Figure  3  shows 
the  approximate  age  distribution  of  Air  Force  housing.  The 
figure  shows  the  ntunber  of  housing  units  built  during  each 
half  decade  and  also  displays  the  approximate  n\imber  of 
units  built  in  each  period  that  might  be  expected  to  contain 
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Figure  3 .  Age  Distribution  of  Air  Force  Military  Housing 
eind  Expected  Nximbers  of  Units  Containing  Lead- 
Based  Paint  (8:3-9;  33) 


lead-based  paint.  The  estimate  of  expected  ntunbers  with 
leaded  paint  is  based  on  the  HUD  survey  findings  of  housing 
units  with  more  than  0.7  mg/cm^  (8:3-9).  Using  this  basis, 
the  Air  Force  can  expect  to  find  nearly  105,000  units  with 
lead-based  paint  on  at  least  one  surface.  Since  the  Air 
Force  standard  is  0.5  mg/cm^,  actual  numbers  may  be  even 
higher.  This  does  not  meaui  that  all  of  the  paint  would  be 
removed  from  all  105,000  units.  Abatement  would  only  be 
required  on  the  surfaces  testing  positive  for  lead. 


194  194  195  195  196  196  197  197  198  198  199 
Year  Built 

H  Total  Units  □  Ejected  w/Lead 


Testing 

Several  methods  of  testing  for  lead  in  paint  are 
available.  The  analysis  methods  can  be  divided  into  three 
groups:  ledxjratory  testing,  quantitative  field  testing,  auid 
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qualitative  field  testing.  Each  method  has  advemtages  and 
disadvantages  and  conditions  vmder  which  they  are  either 
effective  or  ineffective. 

Laboratory  Testing.  Laboratory  testing  for  lead  in 
paint  is  generally  done  by  either  Inductively  Coupled  Plasma 
(ICP)  Spectroscopy  or  Atomic  Absorption  Spectroscopy  (AAS) 
(16:1).  Both  methods  require  extraction  of  the  lead  from 
the  paint  sample  and  into  solution.  Approximately  40 
methods  exist  for  extracting  lead  from  paint  films  (1:1059). 
Research  Trieuigle  Institute  conducted  a  study  of  some  common 
methods  for  the  EPA.  Using  ICP  to  analyze  the  extract,  they 
found  that  lead  recovery  rates  ranged  from  41.6%  to  95%  for 
several  standard  extraction  procedures  (1:1065).  Since  only 
the  extracted  lead  is  detected  by  the  analysis  equipment, 
the  accuracy  of  the  laboratory  procedure  is  more  dependent 
on  the  efficacy  of  the  extraction  procedure  than  on  the  type 
of  equipment  used  (1:1065). 

An  EPA  publication  of  standard  operating  procedures  for 
use  of  AAS  and  ICP  notes  some  differences  in  the  performance 
of  the  two  methods  (16:2-5).  The  publication  reports  that 
the  typical  detection  range  of  lead  in  paint  is  wider  for 
ICP  than  AAS  and  ICP  is  more  sensitive  by  about  a  factor  of 
ten.  However,  both  are  capable  of  accurately  detecting  lead 
in  paint  below  0.1%  w/w.  The  EPA  publication  reports  that 
neither  method  has  significeuit  interferences  from  other 
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chemicals  in  the  extract.  Both  methods  provide  results  in 

terms  of  percent  lead  by  weight. 

The  disadvantages  of  laboratory  tes* Ing  are  time  and 

cost.  The  procedures  used  in  the  laboratory  cannot  be 

carried  out  in  the  field.  They  require  that  a  paint  sample 

be  removed  from  the  surface  and  sent  to  a  laboratory  for 

analysis .  Depending  on  the  location  of  the  laboratory,  turn 

around  time  can  vary  from  a  few  days  to  a  few  weeks.  The 

cost  for  analysis  of  each  sample  is  around  $30  -  $35 

(8:4-4).  Because  of  the  time  auid  cost,  laboratory  analysis 

cannot  feasibly  be  used  as  the  only  method  of  testing  to 

complete  a  survey  of  military  housing  units.  Its  most 

important  use  is  for  confirmatory  testing  when  results  from 

other  methods  are  inconclusive. 

Quantitative  Field  Testing.  The  HUD  guidelines  for 

lead-based  paint  state  that  "the  preferred  method  for 

testing  paint  in  housing  is  the  portable  XRF"  (9:25) .  The 

guidelines  also  explain  the  functioning  of  an  X-Ray 

Florescence  (XRF)  detector; 

This  instrument  x-rays  the  paint  on  the  surface, 
causing  lead  in  the  paint,  if  present,  to  emit  a 
characteristic  frequency  of  radiation,  the 
intensity  of  which  is  measured  by  the  detector  and 
related  to  the  amount  of  lead  in  the  paint. 

(9:25) 

The  primary  advantage  of  these  instruments  is  that  they  give 
an  immediate  indication  of  the  amount  of  lead  in  the  paint 
without  removing  or  defacing  the  paint. 
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Two  types  of  XRF  detectors  are  available.  They  are  the 
direct-reading  XRF  and  the  spectrum-analyzer  XRF  (7:6; 
9:25-27).  The  direct-reading  XRF,  as  the  name  implies, 
gives  a  direct  readout  of  the  calculated  lead  concentration. 
The  spectrum-analyzer  distinguishes  the  lead  x-ray  radiation 
from  the  radiation  of  other  elements  and  cam  display  a  graph 
of  the  intensity  of  each.  Both  types  of  XRF  give  results  in 
terms  of  mass-per-unit-area.  The  equipment  is  initially 
expensive  to  purchase  (around  $20,000)  but  repeated  use  will 
eventually  result  in  a  low  cost  per  test  (24) . 

Studies  of  the  direct -reading  XRFs  raise  some  concerns 
about  their  accuracy  particularly  in  the  range  of  0.5  mg/cm^ 
to  1  mg/cm^.  The  type  of  substrate  under  the  paint  probably 
has  the  greatest  effect  on  the  accuracy  of  XRF  equipment.  A 
study  conducted  by  the  National  Institute  of  Standards  and 
Technology  (NIST)  found  that  "the  precision  of  measurements 
over  wood  was  generally  poorer  and  the  systematic  error 
higher  than  over  plaster  or  gypsxam  wallboard"  (7:38). 

Another  study  found  problems  with  false  negative  readings  on 
dense  substrates  such  as  brick  and  concrete  (29:4).  NIST 
concluded  that  when  corrections  for  the  type  of  substrate 
are  not  made  (the  operator  is  inexperienced  or  bare 
substrate  is  not  available) ,  readings  of  4  mg/cm^  or  greater 
must  be  obtained  to  have  95%  confidence  that  the  true 
concentration  is  greater  them  1  mg/cm^  (7:46).  With 
substrate  correction,  the  stemdard  deviation  for  readings 
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over  wallboard  is  approximately  0.7  mg/cm^  so  readings  of 
about  2.5  mg/cm^  are  required  for  95%  confidence. 

Because  of  the  penetrating  energy  of  the  XRF  devices, 
it  is  possible  to  obtain  false  positive  readings  from 
subsurface  items  such  as  wires,  pipes,  flashing,  or  an  old 
wall  enclosed  by  a  new  one  (7:47;  29:6) .  The  problems  with 
substrate  and  subsurface  interferences  require  that  the 
operator  of  ein  XRF  be  trained  and  experienced  in  the 
corrections,  adjustments,  and  confirmatory  laboratory 
analyses  that  may  be  required  before  a  reading  is  accepted 
as  accurate. 

The  Air  Force  guidelines  call  for  use  of  the  spectrxom- 
analyzer  XRF  (11:9).  NIST  found  that  the  spectrum-analyzer 
XRF  is  significantly  more  accurate  them  the  direct-reading 
XRF  (6:5).  The  estimated  standard  deviation  for  readings 
over  either  wood  or  plaster  is  0.35  mg/cm^ .  NIST  concludes 
that  a  reading  from  a  spectrxim-analyzer  without  correction 
for  substrate  is  more  accurate  than  a  corrected  reading  from 
a  direct-reading  XRF. 

Qualitative  Field  Testing.  In  an  attempt  to  meet  the 
need  for  rapid  screening  tests  in  the  field,  entrepreneurs 
market  test  kits  intended  to  evaluate  lead  in  paint.  The 
cost  of  the  kits  remges  from  $0.30  -  $1.35  per  t^st.  These 
kits  are  for  consumer  use  and  are,  therefore,  relatively 
easy  to  use.  The  tests  can  be  performed  with  the  paint  left 
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in  place,  but,  some  defacement  is  required  to  expose  all  of 
the  paint  layers. 

The  kits  are  based  on  one  of  two  chemicals.  One  of  the 
chemicals  used  is  sodium  rhodizonate.  Sodium  rhodizonate 
reacts  with  lead  to  form  a  complex  which  is  pink  or  red  in 
appearance.  The  reaction  is  as  follows  (23) : 


Other  metals  also  react  with  sodivim  rhodizonate  and  result 
in  a  similar  complex.  The  ones  most  likely  to  be 
encountered  in  paint  testing  are  copper,  iron,  magnesium, 
and  zinc  (23) . 

The  other  commonly  used  chemical  is  sodium  sulfide.  It 
combines  with  lead  by  the  following  reaction  to  form  a  gray 

or  black  compoxmd. 

Na2S  +  Pb2+  -  PbS  +  2Na'^ 

Other  metals  that  also  form  black  metallic  sulfides  are 
copper,  mercury,  cobalt  and  silver  (2:17).  However,  one 
manufacturer  of  a  sodium  sulfide  kit  states  that  ”if  [these 
metals  are]  present  at  all  in  residential  paints,  they  are 
in  amounts  small  enough  not  to  interfere  with  the  in-si tu 
test  for  lead"  (40) . 

Probably  the  most  commonly  used  basic  white  pigment 
today  is  titcuii\im  dioxide.  There  is  disagreement  between 
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two  sodium  sulfide  kit  manufacturers  as  to  whether  or  not 
titemivim  dioxide  creates  an  interference  problem.  One 
manufacturer  states  that  “actual  testing  of  titanium  dioxide 
with  sodium  sulfide  showed  no  color  change"  (40) .  The  other 
warns  that  "modern  paint  uses  metals  like  titanium  dioxide 
that  turn  a  gray  color  when  reacted  with  sodium  sulfide" 
(19:16)  . 

There  are  several  disadvcintages  to  the  use  of  chemical 
spot  tests.  In  order  to  expose  all  of  the  layers  of  paint 
to  the  chemical,  the  surface  has  to  be  cut  or  sanded.  The 
surface  is  also  discolored  by  the  chemicals .  Some  touch-up 
of  a  tested  surface  is  usually  required.  Another  problem  is 
that  the  test  kits  only  provide  an  indication  of  the 
presence  or  cdDsence  of  lead;  the  2miount  of  lead  in  the  paint 
cannot  be  determined.  However,  chemical  spot  tests  can 
serve  as  a  useful  tool  for  a  quick  and  inexpensive  screen. 
The  reliability  of  chemical  spot  tests  under  the  many 
variables  of  field  conditions  has  not  been  thoroughly 
evaluated  (9:25;  7:48).  Several  studies  have  been  conducted 
and  research  is  on  going  to  determine  the  sensitivity  and 
reliability  of  the  chemical  spot  tests. 

Previous  Research.  J.W.  Sayre  and  D.J.  Wilson 
conducted  one  early  assessment  of  spot  tests  for  lead  in 
paint  (32:783-784).  Their  testing  focused  specifically  on 
the  use  of  sodium  sulfide  to  test  for  lead.  The  lowest 
concentration  tested  in  the  study  was  0.8%  w/w.  At  that 
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concentration,  the  sodium  sulfide  solution  resulted  in  “a 

faint  gray  color"  indicating  that  the  detection  level  is 

less  than  0.8%  w/w  (32:784).  The  sodium  sulfide  also  seemed 

to  provide  semi-quantitative  results  by  gradations  of  color 

from  gray  to  black  depending  on  the  lead  concentration. 

In  1976,  the  Naval  Facilities  Engineering  Commeind 

conducted  additional  testing  on  sodium  sulfide  solutions 

(6) .  Details  of  the  test  conditions  are  not  given  in  the 

report.  However,  the  report  provides  the  following 

statement  concerning  the  sensitivity  of  the  sodium  sulfide 

solution  to  lead  in  paint: 

Conveniently,  approximately  0.5%  was  the  minimum 
concentration  of  lead  that  could  be  detected  in 
light-colored  paints  by  the  sodium  sulfide 
reagent.  The  minimum  concentration  that  could  be 
detected  in  dark-colored  paints  would  no  doubt  be 
greater  than  0.5%;  and  it  would  obviously  be 
impossible  to  detect  lead  in  black  paints  by  means 
of  the  sodixam  sulfide  reagent.  (14:5) 

This  suggests  that  the  detection  level  of  sodium  sulfide  is 

rear  the  action  level  of  0.5%  w/w.  The  statement  also 

points  out  that  it  is  difficult  to  distinguish  the  color 

change  on  dark  paints  when  using  sodium  sulfide. 

The  Navy  also  conducted  tests  on  the  useful  life  of  a 

sodium  sulfide  solution.  They  report: 

[Sodivun  sulfide  will]  remain  sensitive  for  many 
months  in  well -stoppered  containers.  If  the 
containers  are  not  covered,  the  reagents  rapidly 
lose  hydrogen  sulfide  and  become  insensitive  to 
lead.  (14:1) 
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An  extended  life  may  enhance  the  cost  effectiveness  and 
convenience  of  sodivxm  sulfide. 

HUD  conducted  tests  with  sodium  sulfide  to  evaluate  its 
reliability  on  paints  with  lead  concentrations  above 
0.7  mg/cm^.  In  this  study,  HUD  used  sodium  sulfide  to  test 
377  sites  in  37  housing  units  (8:D-6).  Laboratory  analyses 
verified  that  all  of  the  sites  had  lead  concentrations  in 
excess  of  0.7  mg/cm^.  The  report  provides  no  information  on 
whether  the  concentrations  were  close  to,  much  greater  them, 
or  spread  out  from  0.7  mg/cm^.  HUD  instructed  the 
technicians  on  the  use  of  sodium  sulfide  but  none  of  them 
had  previous  experience  with  lead  paint  testing.  Since  the 
concentrations  were  all  above  the  set  action  level,  all 
negative  readings  counted  as  false  negatives. 

The  results  show  a  poor  reliability  and  indicate  that 
reliability  varies  by  type  of  sxibstrate.  Wood  substrates 
had  a  25%  false  negative  rate  and  all  other  sxibstrates 
combined  had  a  50%  false  negative  rate.  Based  on  these 
findings,  HUD  does  not  recommend  the  use  of  sodium  sulfide 
as  a  negative  screening  tool  (8:D-7).  In  other  words,  HUD 
does  not  consider  it  safe  to  accept  negative  readings  as  an 
indication  that  lead  is  not  present.  Since  the  report  does 
not  provide  concentration  details,  it  is  not  possible  to  say 
at  what  concentration  reliable  positive  readings  are 
obtained . 
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tests .  The  individuals  tested  each  of  four  samples  once 
with  each  kit.  The  scunples  Ccune  from  a  public  housing 
development  and  were  first  analyzed  by  XRF  (20:1) .  Two 
samples  had  lead  concentrations  <0.1  mg/cm^  (lead  free), 
one  was  1.0  -  1.7  mg/cm^,  and  one  was  >  3.0  mg/cm^  (20:6). 
Table  1  summarizes  the  results  of  the  Georgia  Tech  study 
(20:16) . 

These  results  suggest  that  the  detection  level  for 
sodiiom  sulfide  is  above  3.0  mg/cm^.  Since  the  units  of 
measure  are  different  and  the  concentration  is  only  reported 
as  greater  than  3.0  mg/cm^,  it  is  difficult  to  compare  this 
result  to  the  Sayre  or  Navy  tests.  However,  it  exceeds  the 

Table  1.  Siammary  of  Results  From  Georgia  Tech  Study  of  Lead 
Test  Kits 


Type  of  Kit 

Concentration  of 
Lead  (mg/cm^) 

Total 

Samples 

Number 

Positive 

Sodium 

Sulfide 

< 

0.1 

6 

0 

1.0 

-  1.7 

3 

0 

> 

3.0 

3 

1 

Sodium 

Rhodizonate  < 

0.1 

6 

0 

(Kit  # 

4) 

1.0 

-  1.7 

3 

1 

> 

3.0 

3 

3 

Sodium 

Rhodizonate  < 

0.1 

6 

1 

(Kit  # 

5) 

1.0 

-  1.7 

3 

1 

> 

3.0 

3 

3 
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action  level  of  1  mg/cm^  by  at  least  a  factor  of  three.  The 
report  states  that  the  testers  had  difficulties  discerning 
the  color  change  with  the  sodium  sulfide  test  (20:15). 

The  two  sodium  rhodizonate  kits  gave  essentially  the 
same  results.  Again,  because  the  concentrations  are  given 
in  such  broad  terms,  it  is  not  possible  to  identify  the 
detection  level  for  sodium  rhodizonate  more  precisely  than 
cibove  1.0  mg/cm^.  Therefore,  these  kits  will  apparently 
also  give  a  significant  number  of  false  negative  readings 
above  the  action  level . 

The  Georgia  Tech  study  qualifies  all  of  the  results  in 

the  report  with  the  following  statement: 

Since  only  three  testers  were  used  with  a  limited 
nxxtnber  of  samples,  it  is  impossible  to  regard 
these  results  as  conclusive.  Additional  tests 
should  be  performed  to  confirm  these  findings. 

(20:15) 

NIST  conducted  laboratory  euid  field  testing  with  both 
types  of  chemical  spot  tests  (7:21-34).  For  the  laboratory 
testing,  NIST  mixed  a  basic  carbonate  white  lead  paste  with 
an  oil-based  paint  to  give  paint  films  with  lead 
concentrations  of  (in  percent  lead  by  weight)  0.14,  0.28, 

0.7,  1.4,  and  2.8.  Two  individuals  conducted  all  of  the 
tests.  They  each  conducted  one  test  per  paint  film  with 
each  chemical.  For  the  field  testing,  NIST  identified  sites 
using  XRF  as  either  greater  than  or  less  them  1  mg/cm^ . 
Several  laboratory  technicians  conducted  the  field  testing 
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and  recorded  total  numbers  of  positive  and  negative  readings 
at  each  site. 

The  findings  of  the  laboratory  tests  are  inconclusive. 
All  of  the  sodium  sulfide  tests  gave  positive  readings.  The 
soditim  rhodizonate  tests  were  all  positive  for  one  operator 
and  positive  except  at  the  two  lowest  concentrations  for  the 
other  operator.  These  results  could  be  due  to  interferences 
from  other  elements  in  the  paint.  They  could  also  mean  that 
the  detection  level  of  sodium  sulfide  is  less  than  0.14%  w/w 
cuid  the  detection  level  of  soditnn  rhodizonate  is  near  0.28% 
w/w  under  these  laboratory  conditions  . 

The  results  of  the  field  tests  are  reported  as 
reliabilities  above  and  below  1  mg/cm^ .  With  sodium 
sulfide,  NIST  obtained  a  false  negative  rate  of  10%  at  the 
sites  above  1  mg/cm^  and  a  false  positive  rate  of  12.5%  at 
the  sites  below  1  mg/cm^ .  The  sodium  rhodizonate  gave  an 
11%  false  negative  rate  above  1  mg/cm^  emd  eui  8%  false 
positive  rate  below  1  mg/cm^.  These  results  show  better 
reliabilities  than  HUD  obtained  with  its  sodium  sulfide 
tests.  However,  because  of  the  lack  of  information  on 
actual  concentrations,  it  is  in^ossible  to  determine  what 
biases  may  exist  from  concentrations  that  are  high,  low,  or 
close  to  the  action  level. 

In  spite  of  some  of  the  discouraging  findings,  the 
possibility  of  using  chemical  spot  tests  has  not  been 
abandoned.  Because  of  conflicting  results  and  the  potential 
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for  chemical  tests  to  provide  a  quick,  portedjle,  and 
inexpensive  test  for  lead  in  paint,  the  recommendation  from 
all  of  the  previous  tests  is  that  further  testing  should  be 
done.  However,  the  tests  described  above  demonstrate  the 
need  for  systematic,  stcindardized  testing  of  the  chemical 
test  kits.  The  previous  tests  used  varying  units  of 
measure,  small  sample  sizes,  multiple  variables,  and 
different  data  reporting  methods.  Without  carefully 
controlled  variables  and  an  established  performance  baseline 
for  comparison,  test  results  will  continue  to  be 
disconnected  bits  of  information. 

Conclusions 

The  Air  Force  can  expect  to  find  significant  problems 
with  lead-based  paints  at  all  Air  Force  bases.  Lead  in 
housing  units  should  be  isolated  to  those  units  built  before 
1980.  However,  since  lead  was  not  banned  in  paints  for 
industrial  purposes,  office,  maintenance,  and  storage 
buildings  of  any  age  could  be  suspect. 

Because  of  the  high  susceptibility  of  children  to  lead 
poisoning,  the  first  priority  should  be  to  make  housing  euid 
child  care  centers  lead  safe.  However,  euiy  area  where 
maintenance  is  to  be  performed  should  be  checked  for  lead  so 
that  maintencince  workers  are  protected.  Accurate  tests  for 
lead  can  be  run  in  the  laboratory  but  the  time  required  will 
cause  substantial  delays  in  projects.  Chemical  spot  test 
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have  the  potential  to  provide  quick  and  inexpensive 
screening  for  lead  in  paint  once  their  capabilities  are 
established.  This  research  effort  is  to  develop  a  stauidard 
evaluation  method  for  all  follow-on  studies  and  assess  the 
baseline  performance  of  the  kits  for  comparison  of  future 
results . 
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III. 


Introduction 

Several  government  agencies  have  conducted  evaluations 
of  lead-based  paint  chemical  test  kits.  However,  past 
analyses  of  lead  test  kits  have  lacked  continuity.  They  did 
not  have  standards  for  lead  concentration,  variable  control, 
sampling,  or  reporting.  The  studies  used  small  sample  sizes 
(^5),  one  or  two  of  the  available  kits,  varying  surfaces, 
different  units,  or  complicated  extraction  procedures.  As  a 
result,  the  tests  are  difficult  to  bring  together  to  make  a 
conclusion  about  the  performance  capabilities  of  lead  test 
kits.  This  research  is  intended  to  provide  a  standard  basis 
for  testing  and  reporting  and  to  evaluate  the  baseline 
performance  of  the  available  quemtitative  lead  test  kits. 

Field  tests  of  lead-based  paint  have  many  more 
variables  and  interferences  involved  them  the  laboratory 
tests  conducted  for  this  research.  The  conditions  used  in 
this  research  effort  purposely  eliminated  variables  in  paint 
layers,  sxibstrate  material,  paint  age,  paint  con^sition, 
emd  user  training.  Each  of  these  variedjles  has  the 
potential  to  change  test  kit  performemce.  Conditions  were 
controlled  and  the  number  of  varicQ^les  minimized  to 
determine  a  best-case,  baseline  performemce  for  each  of  the 
kits . 
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Teat  Kit  Selection 

Research  Triemgle  Institute  provided  a  list  of  seven 
manufacturers  of  lead  paint  test  kits  used  in  testing 
performed  for  the  EPA.  The  list  contained  the  following 
mcuiuf  acturers : 

1.  LeadCheck  Swabs,  Hybrivet  Systems,  Natick,  MA 

2.  Frandon  Lead  Alert,  PACE  Environs,  Scarborough, 

Ontario 

3.  E.M.  Lead  Test,  E.M.  Science,  Gibbstown,  NJ 

4.  The  Lead  Detective,  Innovative  Synthesis  Corp, 

Newton,  MA 

5.  Acc-U-Test,  Hinghaun,  MA 

6.  Orbeco  Analytical  Systems,  Farmingdale,  NY,  and 

7.  Hach  Company,  Ames,  lA 

The  first  five  in  the  list  are  spot  test  kits  based  on  one 
of  the  two  chemical  reactions  described  earlier.  Numbers  1, 
2,  and  3  use  sodium  rhodizonate  and  Numbers  4  and  5  use 
sodium  sulfide.  They  provide  a  qualitative  analysis  by 
indicating  the  presence  of  lead.  The  last  two  are  more 
quantitative  in  nature.  They  require  colorimeters,  coinplex 
extraction  procedures,  and  extraction  chemicals  cuid 
equipment.  Because  these  two  are  in  a  different  class  from 
the  others,  they  were  not  selected  for  consideration  in  this 
research . 

The  LeadCheck  kit  contains  one-piece  swedes  in  cardboard 
outer  tubes.  Each  swab  is  about  the  size  of  a  cigarette. 
Inside  of  each  cardboard  tube  are  two  breakeble  vials  that. 
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when  cirushed,  mix  the  leaching  and  indicating  reagents  into 
one  solution  emd  wet  the  swab  tip.  A  paint  test  consists  of 
rubbing  the  swab  tip  on  the  paint.  The  paint  or  the  swab 
turns  pink  or  red  to  indicate  a  positive  test  for  lead. 

Lead  Alert  and  E.M.  Lead  Test  use  a  leaching  solution 
in  a  dropper  bottle  and  a  rhodizonate  indicator.  The  Lead 
Alert  kit  has  the  indicator  in  solution  in  a  dropper  bottle. 
The  EM  Lead  Test  kit  has  the  indicator  on  small  ed^sorbent 
pads  on  plastic  strips.  The  leaching  solution  extracts  the 
lead  from  the  paint  cuid  the  indicator  reacts  with  the  lead 
in  the  leaching  solution.  The  indicator  turns  pink  or  red 
to  indicate  a  positive  test  for  lead. 

Both  of  the  sodium- sulfide  based  test  kits.  Lead 
Detective  and  Acc-U-Test,  are  simply  a  five  to  six  percent 
solution  of  sodium  sulfide  in  a  dropper  bottle.  A  test 
consists  of  placing  one  or  two  drops  of  solution  on  the 
paint.  The  paint  turns  gray  or  black  to  indicate  a  positive 
test  for  lead. 

Experimental  Procedures 

The  paints  prepared  for  this  research  spanned  a  narrow 
range  of  lead  concentrations.  Small  increments  in  lead 
concentration  provide  the  best  definition  of  kit  performance 
by  reducing  interpolation.  Ideally,  the  highest  number  of 
samples  are  in  the  reuige  where  the  kit  results  trauisition 
from  positive  to  negative.  However,  the  uncertainty  of  that 
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rcuige,  multiple  test  kits  with  different  detection  limits, 
and  limited  resources  made  it  necessary  to  limit  the  number 
of  sanples  to  seven  at  concentrations  bounding  the  action 
level.  The  testing  performed  by  McKnight  et  al  at  NIST 
indicates  that  under  ladxsratory  conditions  the  detection 
limits  of  both  chemicals  fall  within  the  reuige  of  0%  w/w  to 
2%  w/w  (7:22).  This  is  a  useful  range  for  the  testing 
because  it  encompasses  the  action  level  of  0.5%  w/w  eucid 
performeuice  of  the  kits  around  this  level  provides  the  best 
information  for  screening.  The  target  lead  concentrations 
of  the  paints  for  this  research  were  (in  percent  lead  by 
weight)  0.06,  0.1,  0.3,  0.5,  0.7,  1.0,  and  2.0. 

Sample  preparation.  The  Naval  Civil  Engineering 
Laboratory  (NCEL) ,  Port  Hueneme,  California,  prepared  the 
paints  for  this  research  effort.  They  prepared  the 
concentrations  by  diluting  the  same  original  high-lead  paint 
with  the  same  type  of  non-lead  paint.  This  controlled  paint 
composition  and  ensured  that  each  paint  seunple  would  have 
the  same  paint  base  and  contaminants. 

The  paint  manufacturer  provided  the  formulations  for 
the  two  original  paints.  Approximate  concentrations  of  the 
components  of  concern  are  included  in  Appendix  C.  Due  to 
the  proprietary  nature  of  the  formulations,  the  exact 
concentrations  of  all  conponents  are  not  given.  Both  paints 
contain  small  amounts  of  cobalt,  mangcuiese,  euid  zirconium. 
Titanium  dioxide  pigment  is  also  foimd  in  both  paints.  None 


39 


of  these  components,  at  the  concentrations  present  in  these 
paints,  should  cause  interference  problems  with  any  of  the 
kits  (32:784;  40). 

Lead  chromate  is  the  coloring  pigment  contained  in  the 
leaded  paint.  This  is  a  yellow  pigment  that  is  still  used 
in  some  industrial  paints.  House  paints  with  yellow 
pigments  contained  lead  chromate  in  the  past  but  it  was  not 
as  common  a  pigment  as  lead  carbonate  (25:380).  Since  it 
was  used  less,  lead  chromate  is  not  the  ideal  pigment  for 
use  in  a  baseline  analysis  such  as  this  one.  Lead  chromate 
is  also  less  soluble  them  lead  carbonate  amd,  therefore,  is 
less  available  for  reaction  with  the  test  chemicals  (26) . 
However,  since  lead  chromate  is  still  used  in  production  amd 
lead  carbonate  is  not,  it  was  the  only  lead  paint  availaible 
for  preparation  of  the  paint  sanqples. 

To  compensate  for  the  low  solubility  of  lead  chromate, 
the  test  procedures  reflect  some  minor  chamges  from  the 
mamuf acturer ' s  instructions.  Prior  to  testing,  the  paint 
films  were  scuffed  to  break  through  auciy  resin  layer  formed 
on  top  of  the  paint  auid  make  the  lead  more  available  for 
reaction.  Also,  up  to  30  minutes  were  allowed  with  each  kit 
for  the  indication  of  a  positive  test  to  occur.  A  maucimum 
time  of  30  minutes  was  selected  because  a  vertical  surface 
is  not  expected  to  stay  wet  with  a  chemical  for  a  longer 
time  period. 
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Wood  was  the  only  substrate  used  for  the  preparation  of 
the  sample  paint  films.  A  separate  12”  X  12”  square  board 
was  coated  with  each  of  the  seven  paint  concentrations.  Two 
boards  were  prepared  at  each  lead  concentration.  Two  boards 
were  also  prepared  with  the  nonlead  paint  to  provide  a 
sample  blank.  All  of  the  squares  were  covered  with  the  same 
number  of  coats  of  paint  2uid  were  prepared  on  the  same  days. 
Three  coats  of  paint  were  applied  to  the  boards  to  provide 
at  least  one  full  coat  outside  of  the  wood  grain.  One  hour 
drying  time  was  allowed  between  the  first  two  coats  and  two 
days  elapsed  between  the  second  euid  third  coats.  To  ensure 
a  homogeneous  sample,  the  paints  were  mixed  in  the  cans  for 
at  least  five  minutes  by  a  mechanical  agitator  immediately 
before  each  coat  was  applied.  After  the  paint  films  dried 
for  several  days,  the  squares  were  individually  wrapped  in 
tissue  paper  to  prevent  cross  contamination. 

Table  2  summarizes  the  lead  concentrations  of  the  dry 
paint  films  as  obtained  by  three  different  methods.  The 
target  concentrations  represent  how  NCEL  mixed  the  paints 
based  on  the  percent  lead  emd  percent  solids  shown  on  the 
Material  Safety  Data  Sheets.  The  theoretical  lead 
concentrations  were  calculated  from  the  formulations 
provided  by  the  paint  manufacturer;  the  formulations  were 
not  available  at  the  time  the  paints  were  mixed.  Assuming 
that  the  formulations  are  exact,  the  theoretical 
concentrations  are  closest  to  the  true  lead  concentrations. 
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TeUsle  2.  Lead  Concentrations  in  Paint  Filins  Based  on 
Calculation  and  Analyses  (all  units  are 
percent  by  weight) 


Target  Theoretical  Led?.  ICP  Lab.  XRF 

Concentration  Concentration  Analysis  Analysis 


An  independent  laboratory.  International  Technology 
Corporation,  cinalyzed  the  paint  films  using  Inductively 
Coupled  Plasma  Spectroscopy;  EPA  Method  6010.  Column  3  of 
Tc±»le  2  shows  the  results  of  those  euialyses.  The  report  of 
the  analytical  results  can  be  found  in  Appendix  C.  The 
boards  were  also  analyzed  by  laboratory  XRF.  The  XRF  data 
in  Table  2  were  converted  from  the  XRF  readings  using 
Equation  (1)  and  assuming  a  film  thickness  of  0.005  cm  and  a 
film  density  of  2000  mg/cm^.  Since  the  theoretical  lead 
concentrations  will  never  be  known  in  field  testing,  the  ICP 
analyses  are  accepted  as  the  baseline  lead  concentrations  of 
the  paint  films  for  this  research. 

Uncertainties  are  not  given  for  the  concentrations  in 
Table  2.  In  the  case  of  the  theoretical  concentrations,  the 
uncertainties  in  paint  composition  could  not  be  provided  by 
the  manufacturer.  For  the  laboratory  analyses, 
uncertainties  could  not  be  determined  because  the  paint 
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films  could  not  be  spiked  with  lead  in  the  IcQxjratory.  The 
XRF  concentrations  are  based  on  assurqptions  for  film 
thickness  and  density.  Since  the  accuracy  of  these 
assumptions  cannot  be  verified,  the  uncertainties  in  the 
calculations  are  unknown. 

Test  kit  analysis .  The  evaluation  of  performance  of 
the  test  kits  begem  with  spot  testing  of  the  sample  boards 
with  each  test  kit.  For  the  spot  tests,  the  sample  boards 
were  marked  off  with  a  10  x  10  grid  to  provide  100  test 
sites  on  each  board.  With  the  exceptions  of  allotted  time 
and  surface  scuffing,  the  tests  were  done  in  accordance  with 
the  instructions  for  surface  testing  included  in  each  kit 
(see  modified  and  manufacturer  instructions  in  Appendix  D) . 
The  primary  exception  to  the  manufacturer's  instructions  was 
the  scuffing  of  the  paint  surface  prior  to  each  test.  The 
kits  generally  recommend  making  em  angled  cut  through  the 
paint  down  to  the  substrate.  The  main  purpose  for  this 
procedure  is  to  expose  the  different  layers  of  paint  to  the 
chemicals.  Since  only  one  paint  type  was  applied  to  each 
square,  the  cutting  was  not  necessary  and  the  scuffing 
helped  to  compensate  for  the  low  solubility  of  lead 
chromate . 

Several  steps  were  taken  to  control  biases  that  might 
result  from  the  test  kit  user.  All  of  the  tests  were 
conducted  by  one  person  so  that  procedure  and  user  training 
were  controlled.  The  boards  were  also  randomly  labeled  with 


letters  A  through  G  to  make  the  tests  blind  with  respect  to 
the  concentrations .  This  was  intended  to  avoid  bias  from 
interpretation  of  vague  results  or  anticipation  of  results 
at  certain  concentrations.  However,  after  one  set  of 
successful  tests  was  conpleted,  the  benefit  of  the  remdom 
labels  was  lost  because  of  user  knowledge  of  the  previous 
results . 

Data  Collection.  A  sample  sizing  plan  was  developed 
that  would  conserve  kit  materials  and  ensure  acceptable  95% 
confidence  interval  widths  for  probabilities  of  detection. 
The  accepteJDle  confidence  inteirval  width  was  based  on  the 
meocimiim  width  that  could  occur  with  the  largest  number  of 
samples  taken.  Because  of  the  limited  nxjmber  of  test  kit 
materials  and  sample  sites,  a  maximum  of  30  tests  were 
conducted  with  each  kit  at  each  concentration.  Testing  with 
the  chemical  kits  is  a  binomial  experiment  because  each  spot 
test  is  independent  and  the  results  are  either  positive  or 
negative.  Therefore,  the  cumulative  binomial  distribution 
function  was  used  to  determine  the  confidence  interval 
widths.  The  largest  uncertainty  in  the  probeUaility  of 
detection  results  when  half  the  tests  at  a  given 
concentration  are  positive  and  the  other  half  are  negative. 
Therefore,  the  mcucimum  95%  confidence  interval  for  the 
probability  of  detection  with  30  sanqples  occurs  where  15  of 
the  readings  are  positive  and  15  are  negative.  With  a 
seunple  size  of  30,  the  cumulative  binomial  distribution 
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gives  a  maximum  confidence  interval  width  of  0.38.  The 
maximum  numbers  of  contradictory  readings  for  the  other 
scunple  sizes  were  determined  so  that  the  widths  of  the  95% 
confidence  intervals  did  not  exceed  0.38. 

Table  3  presents  the  sample  sizing  plan  that  was 
developed.  The  sample  size  was  increased  (up  to  a  maximum 
of  30)  whenever  the  number  of  readings  coionter  to  the  norm 
exceeded  the  determined  limit.  For  example,  if  in  ten 
samples  nine  are  negative  and  one  is  positive,  then  it  is 
necessary  to  increase  to  the  next  larger  sample  size.  The 
scime  is  true  if  nine  of  the  ten  are  positive  and  one  is 
negative . 


Table  3.  Sample  Size  vs.  Reliability 


n 

(Sample  Size) 

X 

(max  #  of  results 
counter  to  the  norm) 

10 

0 

15 

2 

20 

4 

25 

8 

30 

15 

All  of  the  test  kits  provide  qualitative  results  in  the 
form  of  a  positive  or  negative  detection  of  lead. 

Therefore,  the  samples  taken  at  each  concentration  were 
recorded  as  either  a  plus  or  a  minus  along  with  the  letter 
code  of  the  test  board.  The  relative  intensity  of  the  color 
change  was  noted  by  multiple  pluses  for  each  positive 
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result.  The  time  required  for  the  color  chauige  to  occur  was 
also  recorded. 

Expected  Results 

From  the  data,  a  probability  of  detecting  lead  can  be 
calculated  for  each  kit  at  each  concentration.  The 
probability  of  detection  is  equal  to  the  number  of  positive 
readings  divided  by  the  total  number  of  samples.  This  is 
also  the  reliability  of  the  kit  to  provide  a  positive 
reading  at  that  concentration.  The  cumulative  binomial 
distribution  function  determines  the  width  of  the  95% 
confidence  interval  for  this  statistic.  With  this 
information,  the  probability  of  detection  is  plotted  against 
lead  concentration.  The  resulting  plot  defines  the 
performance  curve  for  each  kit  (41) .  Based  on  the 
performance  curve,  an  estimate  is  made  of  the  concentration 
above  which  there  is  at  least  a  95%  probability  of  a 
positive  reading.  This  concentration  is  the  detection  level 
as  defined  in  this  research. 

Comparison  of.  Results .  Performance  and  the  effects  of 
false  positive  and  false  negative  readings  can  be  compared 
in  terms  of  a  discomfort  curve  (18).  Figure  4  is  an  example 
of  a  discomfort  curve  that  might  be  used  for  lead  paint 
abatement.  The  curve  represents  the  willingness  that  a 
decision  maker  might  have  to  accept  the  two  types  of  error. 
In  this  case,  accepting  a  false  positive  results  in  a  waste 
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of  money  by  the  needless  removal  of  paint  that  is  not  a 
hazard.  Accepting  a  false  negative  creates  a  possible 
health  hazard  by  allowing  leaded  paint  to  remain  unmanaged. 

Figure  4  shows  how  the  acceptable  rates  of  error  might 
change  depending  on  the  lead  concentration  and  the  type  of 
error  involved.  Between  0.4%  w/w  6uid  0.5%  w/w  of  lead  the 
decision  maker  is  willing  to  accept  100%  false  positive 
because  he/she  is  indifferent  to  whether  or  not  the  paint  is 
removed.  The  decision  maker  in  this  excunple  accepts  a  10% 
false  positive  rate  with  a  concentration  between  0.18%  and 
0.4%  w/w  and  a  5%  false  positive  rate  with  a  concentration 
of  lead  less  than  0.18%  w/w.  Because  of  the  possible  health 
effects,  the  acceptcible  false  negative  rate  is  lower  them 
the  acceptable  false  positive  rate.  An  acceptable  false 
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negative  rate  of  5%  might  be  chosen  at  concentrations 
between  0.5%  and  0.8%  w/w,  a  2%  false  negative  rate  at 
concentrations  between  0.8%  2m,d  1.0%  w/w,  and  no  false 
negatives  would  be  accepted  at  concentrations  greater  than 
1.0%  w/w. 

The  performances  of  the  kits  are  compared  by  overlaying 
the  performance  cuirves  with  the  discomfort  curve.  The 
dashed  line  added  to  the  sample  discomfort  curve  in  Figure  5 
shows  what  the  optimum  performance  curve  for  a  test  kit 
would  be  for  this  example  (18) .  A  test  kit  is  the  most 
useful  to  the  decision  maker  if  the  transition  from  reliable 
positive  readings  to  reliable  negative  readings  occurs  in 
the  region  of  indifference.  The  slope  of  the  curve  changes 
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Figure  5.  Optimum  Performance  Curve  Overlaid  by  Sample 
Discomfort  Curve  (18) 
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where  false  positive  and/or  false  negative  readings  become 
\inacceptable  to  some  degree.  The  optimum  performance  curve 
never  crosses  the  acceptable  probedsilities  of  false  positive 
and  negative  readings.  The  discomfort  curve  euid  optimum 
performance  curve  serve  as  a  fixed  comparison  for  the 
performance  curves  obtained  for  each  test  kit. 

Summary 

This  research  provides  information  on  he  performance 
of  five  lead  paint  test  kits  by  evaluating  them  on  common 
basis.  It  recommends  stcuidard  testing  and  reporting 
procedures  so  that  results  of  future  tests  can  be  compared. 
The  test  procedures  control  varieibles  that  might  affect  lead 
detection  so  that  a  baseline  performance  is  obtained. 

Testing  each  kit  on  the  same  material  under  the  same 
conditions  allows  an  equitable  assessment  to  be  made  of 
their  relative  performances.  The  elimination  of  field 
variables  in  the  laboratory  setting  limits  the  extent  to 
which  the  results  can  be  generalized.  However,  the  research 
provides  a  basis  of  performance  for  the  purpose  of 
comparison. 
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liL.  Findings  and  Analysis 


Presentation  n£  Data 

The  five  test  kits  selected  for  this  study  were  used  on 
the  sample  paint  boards  and  the  positive  euid  negative 
readings  were  recorded.  Table  4  presents  a  compilation  of 
the  results.  The  tcible  shows  the  total  number  of  tests 
conducted,  the  nximber  of  positive  readings,  and  whether  the 
readings  were  accepted>le  (Ok) ,  falsely  positive  (FP) ,  or 
falsely  negative  (FN) .  An  acceptable  reading  is  a  positive 
reading  at  a  lead  concentration  greater  them  0 . 5%  w/w  or  a 
negative  reading  at  a  lead  concentration  less  than  0.5%  w/w. 
For  this  research,  a  positive  reading  at  0.47%  w/w  is  also 
coxinted  as  an  acceptable  reading  because  that  concentration 
is  within  the  region  of  indifference  on  the  sample 
discomfort  curve.  There  are  two  sets  of  data  for  the 
LeadCheck  tests  because  two  test  runs  were  coitpleted. 

Acc-U-Test  cuid  Lead  Detective,  sodium- sulfide-based 
test  kits  (identified  in  Table  4  as  SS) ,  gave  all  positive 
readings  regardless  of  lead  concentration.  Each  test 
consisted  of  placing  one  drop  of  solution  in  ten  squares  on 
each  test  board.  The  paint  turning  gray  or  black  indicated 
a  positive  test  for  lead  (see  the  instructions  in  Appendix 
D) .  The  resulting  color  for  all  lead  concentrations  was 
essentially  the  same  dark  gray  color.  The  Acc-U-Test 
solution  was  used  to  test  the  blank  sample  that  was  coated 
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Table  4.  Results  of  Spot  Tests  on  Lead-Based  Paints 


Belt  Brand  Chandcal* 

Laad 

Cone. 

(%  w/w) 

«  o£ 

Taata 

*  of 

Posltivaa 

Falsa  *  or 
Falsa  -  ** 

Acc-U-Test  SS 

1.3 

10 

10 

10 

Ok 

0.69 

10 

10 

10 

Ok 

0.47 

10 

10 

10 

Ok 

0.32 

10 

10 

10 

FP 

0.20 

10 

10 

10 

FP 

0.07 

10 

10 

10 

FP 

0.04 

10 

10 

10 

FP 

0.0 

10 

10 

10 

FP 

Lead  Detective  SS 

1.3 

10 

10 

10 

Ok 

0.69 

10 

10 

10 

Ok 

0.47 

10 

10 

10 

Ok 

0.32 

10 

10 

10 

FP 

0.20 

10 

10 

10 

FP 

0.07 

10 

10 

10 

FP 

0.04 

10 

10 

10 

FP 

LeadCheck  SR 

1.3 

10/10***  10/10 

10 

Ok/ 10 

Ok 

0.69 

20/9 

16/9 

4 

FN/9  Ok 

0.47 

10/15 

10/15 

10 

Ok/ 10 

Ok 

0.32 

25/20 

17/20 

17 

FP/20 

FP 

0.20 

10/20 

0/16 

10 

Ok/ 16 

FP 

0.07 

10/10 

0/0 

10 

Ok/10 

Ok 

0.04 

10/10 

0/0 

10 

Ok/ 10 

Ok 

Lead  Alert  SR 

10 

0 

10 

FN 

EM  Lead  Test  SR 

10 

0 

10 

FN 

*  SS  -  Sodium  Sulfide  SR  - 

Sodium 

Rhodizonate 

**  Ok  -  Acceptable  Reading 

FP  -  False  Positive 

FN  -  False  Negative 

***  Two  sets  of  tests 

were  run  with 

LeadCheck . 

Data  represent  1st 

run /2nd  run. 
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with  non-lead  paint.  That  test  also  resulted  in  ten 
positive  readings  out  of  ten  sanqples.  False  positive 
readings  on  the  blank  sample  in^ly  that  the  false  positive 
readings  at  the  low  lead  concentrations  were  not  merely 
highly  sensitive  reactions  with  the  small  amounts  of  lead 
present . 

Lead  Alert  and  EM  Lead  Test,  sodium-rhodizonate-based 
test  kits  (identified  in  Table  4  as  SR),  both  failed  to 
detect  lead  in  any  of  the  tests  at  1.3%  w/w.  Each  test 
consisted  of  placing  two  drops  of  leaching  solution  in  ten 
squares  on  the  test  board  and  allowing  it  to  stand  for  30 
minutes.  The  solutions  on  the  board  were  then  checked  with 
the  indicators.  The  indicator  turning  pink  or  red  indicated 
a  positive  test  for  lead  (see  instiructions  in  Appendix  D)  . 
Neither  kit  produced  a  color  change  at  the  1.3%  w/w 
concentration.  Because  of  the  failure  at  the  high  lead 
concentration,  no  further  tests  were  conducted  with  these 
two  kits. 

LeadCheck,  also  a  sodium-rhodizonate-based  test  kit, 
was  the  only  kit  tested  that  provided  the  type  of  response 
that  was  anticipated  from  all  of  the  kits  at  the  onset  of 
the  study.  The  numbers  of  positive  cuid  negative  readings 
varied  depending  on  the  lead  concentration.  Each  test 
consisted  of  rubbing  one  swab  on  a  test  square  for  30 
seconds;  a  different  swab  was  used  for  each  test  square. 

The  paint  or  the  swab  turning  pink  or  red  indicated  a 
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positive  test  for  lead  (see  instructions  in  Appendix  D) .  A 
maximum  of  30  minutes  was  allowed  for  the  color  chauige  to 
occur.  Any  color  change  which  occurred  after  30  minutes  was 
still  counted  as  a  negative  result. 

Two  separate  rounds  of  sampling  were  conducted  with 
LeadCheck.  For  the  first  S2unpling  run,  the  number  of 
samples  was  adjusted  in  accord2uice  with  the  sampling  scheme 
shown  by  Table  3  in  Section  III.  Sampling  space  was  still 
available  on  the  test  sheets  eind  some  LeadCheck  swedes 
remained  after  the  first  run  was  completed.  Therefore, 
additional  tests  were  conducted  with  LeadCheck  to  reduce  the 
width  of  the  95%  confidence  intervals  on  the  probabilities 
of  detection.  The  numbers  in  Table  4  report  the  results  of 
the  first  run  followed,  to  the  right  of  the  slashes,  by  the 
results  of  the  second  run. 

Discussion  pf  Problems 

The  testing  resulted  in  several  problems  and  unexpected 
findings.  Some  of  the  problems  relate  to  the  kits 
themselves  and  others  relate  to  controlling  variables  such 
as  user  training,  true  blind  concentrations,  euid  subjective 
determinations . 

Acc-U-Test  and  Lead  Detective.  Obtaining  100%  false 
positive  readings  below  0.47%  w/w  with  the  sodium  sulfide 
solutions  was  unexpected.  Based  on  the  formulation  of  the 
paint,  no  interferences  were  anticipated  (32:784).  The 
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manufacturer  of  the  Acc-U-Test  kit  was  consulted  to  obtain  a 
possible  expleuiation  for  the  false  positive  readings  (39) . 
The  test  results  were  esqplained  to  the  manufacturer 
representative.  He  identified  the  results  as  what  would  be 
expected  from  a  positive  test  for  lead  emd  proposed  that  the 
paint  samples  must  have  been  contaminated.  Lead 
contamination  of  the  sample  boards  is  unlikely  since  the 
paint  samples  collected  for  laboratory  amalyses  were 
collected  after  the  sodium  sulfide  tests  were  run. 

Therefore,  if  the  false  positive  readings  with  sodium 
sulfide  had  been  caused  by  contamination  of  the  sample 
boards,  the  lc±)oratory  results  would  have  shown  higher 
levels  of  lead  than  expected.  The  laboratory  analyses  did 
not  detect  lead  in  the  non- lead  paint  emd  lead 
concentrations  were  actually  lower  than  emticipated  for  the 
other  paints.  This  rules  out  contamination  of  the  test 
boards  as  eui  expleuiation  for  the  false  positive  readings . 

As  mentioned  in  Section  II,  the  manufacturer  of  Lead 
Detective  warns  of  a  possible  interference  from  titanium 
dioxide;  titanium  dioxide  is  the  primary  pigment  in  the  non¬ 
lead  paint.  The  meuiufacturer  states  that  "there  may  be  a 
light  gray  color  formed"  (19:16).  Shades  of  color  are  very 
subjective  determinations  to  make.  However,  the  color 
changes  of  the  paints  in  this  study  would  probably  all  be 
interpreted  as  dark  gray.  The  memufacturer  of  Acc-U-Test 
conducted  actual  tests  on  solid  titanium  dioxide  and 
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reported  no  color  change  (40).  Based  on  the  Acc-U-Test 
manufacturer's  results,  it  is  \mlilcely  that  titemium  dioxide 
was  the  cause  of  the  false  positive  readings. 

Or.  Mary  McKnight  of  NIST  was  also  consulted  for  a 
possible  expl^ulation  of  the  false  positive  readings  (26) . 

She  identified  cobalt,  a  common  drier  in  oil-based  paints, 
as  the  most  likely  interference.  The  laboratory  analyses  of 
the  paints  show  the  cobalt  concentration  to  be  consistently 
around  0.045%  w/w  (see  Appendix  C) .  Cobalt  at  that 
concentration  would  not  normally  be  expected  to  produce 
false  positive  readings  (32:784).  McKnight,  however,  states 
that  the  interference  has  been  noted  before  under  ledxjratory 
conditions  (26) . 

Lead  Alert  and  £M  Lead  Test.  No  lead  was  detected  by 
either  the  Lead  Alert  or  the  EM  Lead  Test  kit  at  the  highest 
lead  concentration  of  1.3%  w/w.  Therefore,  no  further  tests 
were  conducted  with  these  two  kits.  A  longer  leaching  time 
or  a  more  soluble  lead  pigment  might  make  the  lead 
detecteJale  by  these  two  kits.  However,  an  extended  leaching 
time  requires  removal  of  a  paint  sample  from  a  vertical 
surface  to  keep  the  paint  in  contact  with  the  leaching 
solution.  There  is  also,  at  this  point,  no  way  of  Icrwxing 
how  long  of  a  leach  time  is  sufficient.  Obtaining  such 
information  will  require  a  separate  study  of  the  kits  using 
various  leach  times .  Extensive  leaching  procedures  are  also 
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undesiredsle  for  an  easy-to-use  field  test  kit  for  civil 
engineering  work  crews. 

LeadCheck .  The  second  round  of  tests  with  the 
LeadCheck  kit  showed  an  in^rovement  in  sensitivity  from  the 
first  round.  Most  of  the  improvement  was  probably  due  to 
the  tester  being  more  familiar  with  the  use  of  the  kit  and 
the  interpretation  of  results.  The  time  required  for  the 
color  change  with  LeadCheck  seemed  to  vary  both  with  lead 
concentration  euid  amount  of  reagent  left  on  the  surface. 

The  color  change  occurred  as  the  solution  dried,  therefore, 
some  of  the  faster  times  came  from  the  spots  with  the  least 
solution.  The  tester  realized  this  emd  adjusted  his 
procedure  accordingly.  This  illustrates  the  difficulty  in 
maintaining  constant  user  training  emd  procedure  even  with 
one  tester. 

The  instructions  for  data  collection  required  that  the 
intensity  of  the  color  chemge  be  designated  by  the  number  of 
"+"  signs  recorded.  However,  the  information  on  the  data 
sheets  is  not  indicative  of  the  actual  results  of  color 
intensity.  When  the  first  tests  were  made,  there  was 
nothing  available  for  comparison  of  relative  shades.  Some 
patches  also  darkened  within  the  30  minute  time  frame.  No 
attempt  was  made  in  either  case  to  go  back  and  adjust  the 
information  on  the  data  sheets.  Use  of  a  visual  color  scale 
may  improve  the  determination  of  color  intensity. 
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Only  the  LeadCheck  test  kit  provided  data  that  could  be 
used  for  a  statistical  analysis  of  the  performance  of  the 
kit.  A  probability  of  detection  was  calculated  for  each 
lead  concentration, .  Figures  6-8  show  the  calculated 
probabilities  of  detection  and  the  curves  fit  to  them.  The 
concentrations  shown  are  those  that  were  obtained  from  the 
laboratory  ICP  cuialyses  in  percent  by  weight.  Figures  6  auid 
7  show  the  results  of  the  first  2md  second  test  runs, 
respectively.  The  positions  eind  shapes  of  the  curves  in 
these  two  figures  clearly  show  how  the  performance  cheuiged 
from  the  first  run  to  the  second.  The  concentration  for  95% 
probeibility  of  detection  is  about  0.44%  w/w  on  Figure  6  cuid 
about  0.23%  w/w  on  Figure  7.  This  represents  nearly  a  50% 
increase  in  the  sensitivity  level  between  the  two  runs.  The 
slope  of  the  tremsition  is  also  much  steeper  in  Figure  7 
than  in  Figure  6  indicating  that  a  trained  user  can  obtain  a 
more  precise  cutoff  between  detected  euid  non-detected 
concentrations.  To  take  advantage  of  all  the  data  and 
estimate  the  overall  performance  of  the  kit.  Figure  8 
combines  the  data  from  the  two  rims.  Figure  8  represents 
what  might  be  expected  as  an  average  response  when  both 
trained  and  untrained  individuals  performing  tests.  The 
following  describes  how  these  graphs  were  obtained. 

Binomial  Experiments .  To  better  understand  the 


probcQ^ilities  of  detection  and  their  confidence  intervals. 
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_ [Pb]  (%  w/w) _ 

Figure  6.  LeadCheck  Detection  Probability  vs.  Lead  Concentration  (Based  on  Ist  Run) 


[Pb]  (%  w/w) 

Figure  7.  LeadCheck  Detection  Probability  vs.  Lead  Concentration  (Based  on  2nd  Run) 
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it  is  importcint  to  first  have  a  knowledge  of  binomial 
distributions.  A  binomial  experiment  consists  of  any  niamber 
of  identical,  independent  trials  where  each  trial  can  result 
in  one  of  two  possible  outcomes  (15:104).  The  probability 
of  having  a  given  number  of  one  outcome  from  a  given  ninnber 
of  trials  is  obtained  from  the  binomial  distribution 
function: 

P{X  =  X)  =  b(x;n.p)  =  - (1  -  p)^~^ 

xi  (n  -  x)  1 

where  P  is  probability,  X  is  a  binomial  rcUidom  variable,  x 
is  number  of  successes,  b  is  the  binomial  probability 
function,  n  is  number  of  trials,  and  p  is  probability  of 
success  (15:107).  The  probability  of  having  less  than  a 
given  niimber  of  successes  from  a  given  number  of  trials  is 
obtained  from  the  cumulative  binomial  distribution  function 
(15:108) : 

X 

P(X  <  X)  =  Z  b{x;n,p)  (3) 

0 

The  testing  conducted  in  this  research  effort  is  a  binomial 
experiment  since  each  test  is  identical  and  independent  euid 
the  results  are  either  positive  or  negative.  The 
probability  of  detection  calculated  with  the  data  from  this 
research  is  the  value  for  p  in  Equations  (2)  and  (3) . 

Probability  of.  Detection.  At  each  lead  concentration, 
the  number  of  positive  tests  was  divided  by  the  total  niimber 
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of  tests  to  give  the  probability  of  detection  at  that 
concentration.  This  was  done  for  both  test  rounds 
individually  and  for  the  combined  data.  Next,  the  95% 
confidence  intervals  for  the  probediilities  of  detection  were 
determined.  Equation  (3)  was  used  to  determine  the 
confidence  intervals.  The  endpoints  of  the  confidence 
intervals  were  found  by  substituting  the  number  of  tests,  n, 
and  the  number  of  positive  readings,  x,  at  each 
concentration  into  Equation  (3)  euid  solving  for  p.  The 
upper  limit  of  the  confidence  interval  represents  the 
detection  probability,  p,  required  so  that  P(X  s.  x)  =  0.025 
(0.025  is  half  of  the  5%  probability  excluded  from  the  95% 
confidence  interval) .  The  lower  limit  of  the  confidence 
interval  represents  the  detection  probability,  p,  required 
so  that  P{X  >  x)  =  0.025  which  is  the  same  as  P(X  £.  x-1)  = 
0.975.  Figures  6-8  show  the  95%  confidence  intervals  as 
vertical  lines  passing  through  the  calculated  probabilities 
of  detection  (represented  by  the  points) . 

Curve  Fit .  A  curve  was  fit  through  the  experimental 
probabilities  of  detection  to  interpolate  between  the  seven 
concentrations  tested  and  provide  the  performance  curves  for 
the  test  kit.  A  sigmoidal  curve  was  used  to  fit  the  data 
because  of  the  known  limits  on  probability  of  detection  at 
zero  and  one  eind  the  tremsition  region  in  between.  The 
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following  form  of  equation  is  known  to  fit  a  sigmoidal  curve 
(34)  : 


dP/dC  =  P  P  (1  -  P/K)  (4) 

where  P  is  the  probability,  C  is  the  concentration,  P  is  a 
constant  related  to  the  specific  data,  and  K  is  a  constant 
equal  to  the  mcocimum  value  that  P  can  attain  (1  in  this 
case) .  Setting  K  equal  to  1,  Equation  (4)  can  be  solved  and 
rearranged  to  give 

P  =  - B -  (5) 

e"-^  ^  +  B 

where  B  is  the  constant  of  integration.  A  value  for  B  was 
then  fotind  by  defining  a  concentration,  C* ,  as  the 
concentration  when  P  equals  0.5.  Substituting  the  derived 
value  for  B  into  Equation  (5)  gives 

P  =  er^  C*  (6) 

e-P  C  +  C* 

Iterations  of  P  and  C*  in  Equation  (6)  were  used  to  fit  the 
curves  to  the  data  in  Figures  6-8.  In  Figure  6,  P  =  25 
and  C*  =  0.33,  in  Figure  7,  p  =  50  and  C*  =  0.18,  and  in 
Figure  8,  P  =  20  and  C*  =  0.23. 

Since  it  is  representative  of  the  overall  performeuice  of  the 
kit,  the  curve  shown  in  Figure  8  is  used  to  represent  the 
baseline  performance  curve  for  the  LeadCheck  test  kit. 
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Detection  Level .  The  detection  level  of  a  kit  is  the 
lead  concentration  at  which  the  kit  will  reliably  identify 
the  presence  of  lead  in  paint.  For  this  research,  the 
detection  level  is  defined  as  the  lead  concentration  above 
which  there  is  at  least  a  95%  probability  of  detection.  In 
other  words,  if  the  lead  concentration  of  a  paint  is  at  the 
detection  level,  95%  of  the  spot  tests  performed  will  result 
in  a  positive  reading.  Using  the  graph  in  Figure  8  for 
interpolation  of  the  data  gives  a  detection  level  for 
LeadCheck  of  approximately  0.38%  w/w.  This  means  that  there 
is  at  least  a  95%  probability  of  obtaining  a  positive 
reading  given  a  lead  concentration  of  0.38%  w/w  or  higher. 
This  is  not  the  same  as  saying  that  there  is  a  95% 
probability  that  the  concentration  is  at  or  eUDOve  0.38%  w/w 
given  a  positive  reading. 

It  is  important  to  remember  that  this  value  relates  to 
the  controlled  conditions  under  which  this  study  was 
conducted  and  is  e3q>ected  to  be  the  best-case  value.  Field 
varieOsles  such  as  paint  composition,  paint  age,  layered 
combinations  of  paints,  type  of  substrate,  euid  user  training 
will  affect  the  actual  detection  level.  Most  of  these 
varicOales,  with  the  exception  of  improved  user  training, 
will  probably  tend  to  shift  the  detection  level  to  a  higher 
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Comparison  ol  Performance 

The  signif iccuice  of  the  performance  curves  suid 
probabilities  of  detection  is  best  understood  by  con^ring 
the  performance  curves  to  the  discomfort  curve.  Figures  9  - 
11  overlay  the  performance  curves  for  the  kits  on  the  sanqple 
discomfort  curve  presented  in  Section  III. 

Figure  9  presents  the  performance  of  the  LeadCheck  kit 
as  compared  to  the  sample  discomfort  curve.  This  figure 
shows  that  the  performemce  never  enters  the  region  where 
false  negatives  are  unacceptedale .  Therefore,  the  kit 
functions  better  than  required  as  a  negative  screen.  In 
other  words,  a  negative  reading  can  be  accepted  as  an 
indication  that  a  paint  is  not  lead  based.  However,  the  kit 
has  a  detection  level  that  is  lower  than  the  optimum, 

0.38%  w/w  instead  of  0.5%  w/w,  which  results  in  a  high  rate 
of  false  positives.  This  rate  of  false  positive  readings 
would  be  vinacceptable  by  the  stemdards  of  this  sample 
discomfort  curve  and  a  positive  reading  would  give 
insufficient  information  about  the  need  to  take  corrective 
action.  However,  under  different  needs  from  the  decision 
maker,  the  discomfort  curve  would  change  and  the  false 
positive  rate  could  be  acceptable.  Therefore,  since  the 
readings  with  LeadCheck  change  depending  on  lead 
concentration,  useful  information  can  be  obtained  by  using 
this  kit. 
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Figure  10  represents  the  failure  of  the  Acc-U-Test  and 
Lead  Detective  test  kits  as  seen  in  this  research.  The 
performeuice  curve  is  a  straight  line  at  100%  prob^d5ility  of 
detection.  These  kits  show  no  possibility  of  a  false 
negative  because  no  negative  readings  were  obtained. 
Therefore,  no  health  hazard  would  be  created  by  relying  on 
the  results  of  these  test  kits  because  the  paint  in  all 
housing  \inits  would  be  removed.  However,  the  percentage  of 
readings  in  the  false  positive  region  is  unacceptable 
because  of  the  money  that  would  be  wasted  by  removing  all  of 
the  paint  that  tests  positive  for  lead.  Based  on  the 
results  of  this  research,  Acc-U-Test  and  Lead  Detective  do 
not  provide  information  that  would  assist  in  deciding 
whether  or  not  to  remove  paint  from  a  facility. 

Figure  11  presents  the  performance  of  Lead  Alert  emd  EM 
Lead  test  as  a  straight  line  at  0%  probability  of  detection. 
This  signifies  that  under  the  conditions  of  this  research 
the  detection  level  of  the  kits  lies  above  1.3  %  w/w. 
Conparing  these  results  to  the  discomfort  curve  shows  an 
vinacceptable  perfornicuice  in  the  false  negative  region;  all 
readings  were  falsely  negative.  Therefore,  a  health  hazard 
would  be  created  by  relying  on  the  results  of  these  test 
kits  because  leaded  paint  would  be  left  in  place.  Since 
there  are  no  positive  readings,  there  are  no  readings  that 
exceed  the  acceptable  false  positive  limit.  For  these  two 
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Figure  9.  LeadCheck  Performance  Curve  with  Discomfort  Curve 
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Figure  10.  Acc-U-Test  emd  Lead  Detective  False  Positive  Performance  with  Discomfort  Curve 
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kits,  a  positive  reading  indicates  that  the  paint  is 
hazardous  but  a  negative  reading  provides  no  information. 

Field  Sampling 

The  detection  level  and  rate  of  false  positives  for 
LeadCheck  can  be  inproved  relative  to  the  sample  discomfort 
curve  by  taking  more  samples  at  a  site  £uid  redefining  a 
positive  detection.  For  ex2mqple,  a  positive  detection  could 
be  defined  as  three  positive  readings  out  of  three  tests. 

The  new  probabilities  of  detection  are  then  calculated  using 
Equation  (3)  with  the  original  probeQjilities  of  detection 
providing  the  values  of  p.  Figure  12  illustrates  this  for 
the  LeadCheck  kit.  The  solid  performance  curve  represents 
the  probability  of  one  positive  reading  from  one  test  which 
is  the  same  as  the  baseline  performance  curve  in  Figure  8. 
The  dashed  performeuice  curve  represents  the  probability  of 
three  positive  readings  from  three  tests.  This  new 
definition  of  positive  detection  has  the  effect  of  shifting 
and  bending  the  curve  to  the  right.  The  number  of  false 
negatives  is  still  acceptable  and  the  number  of  false 
positives  has  improved.  This  curve  shift  will  continue  with 
increasing  numbers  of  tests.  The  performance  curve  achieves 
the  optim;am  detection  level,  0.5%  w/w,  when  positive 
detection  is  defined  as  ten  positive  readings  out  of  ten 
tests.  Therefore,  defining  a  positive  test  for  lead  as  all 
positive  readings  from  multiple  samples  of  the  same  surface 
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Figure  12 .  LeadCheck  Performance  Curves  with 


will  reduce  the  number  of  housing  units  are  needlessly 
remediated.  The  cost  of  sanpling  increases  with  multiple 
tests  but  is  insignificant  when  coitpared  to  the  cost  of 
paint  remediation. 

Summary 

Four  of  the  five  chemical  spot  test  kits  selected  for 
this  research  gave  results  that  could  not  be  statistically 
cuialyzed.  The  Acc-U-Test  and  Lead  Detective  kits  gave  100% 
positive  readings  at  all  lead  concentrations  smd  the  Lead 
Alert  and  EM  Lead  Test  kits  resulted  in  100%  negative 
readings  at  the  highest  lead  concentration  of  1.3%  w/w.  The 
problem  with  the  sodium  sulfide  kits  was  probably  caused  by 
a  chemical  interference  with  the  paint.  The  negative 
readings  on  the  sodium  rhodizonate  kits  indicate  that  the 
highest  lead  concentration  was  below  the  detection  limit  of 
those  kits  under  the  conditions  of  this  research. 

The  LeadCheck  kit  gave  results  similar  to  what  was 
expected  from  all  of  the  kits.  The  best  estimate  for  the; 
detection  level  of  LeadCheck,  under  the  controlled 
conditions  of  this  research,  is  0.38%  w/w  with  a  95% 
probability  of  detection.  Comparison  of  the  LeadCheck  kit 
to  the  discomfort  curve  shows  that  it  serves  as  a  good 
negative  screening  tool  but  the  level  of  false  positives 
below  0.4%  w/w  is  unacceptable. 
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^  Conclusions 


Thesis  Summary 

Lead-based  paint  remains  one  of  the  significant  sources 
of  lead  for  lead  poisoning  of  humans  today.  The  extent  of 
the  problem  in  the  Air  Force  is  just  beginning  to  be 
evaluated.  The  Air  Force  can  expect  to  find  lead-based 
paint  in  all  industrial  facilities  and  in  a  large  percentage 
of  non-industrial  facilities  built  before  1980.  Probably 
about  105,000  Air  Force  housing  units  have  lead-based  paint 
on  at  leas  one  painted  surface.  All  bases  are  required  to 
conduct  testing  to  evaluate  the  extent  of  the  problem  but 
initially  only  a  fraction  of  the  facilities  will  actually  be 
tested.  Work  crews  that  are  performing  samding,  cutting,  or 
demolition  work  on  a  painted  surface  need  to  know  the 
possible  lead  hazard  at  each  site  before  they  begin  work. 

In  order  to  protect  themselves  and  building  occupants  from 
the  hazards  of  exposure  to  lead-based  paint,  civil 
engineering  work  crews  need  a  quick  and  accurate  meeuis  of 
screening  for  the  presence  of  lead.  Chemical  test  kits  are 
availcQjle  auid  have  the  potential  to  provide  such  a  screen 
for  lead  in  paint.  The  purpose  of  this  research  was  to 
assess  the  baseline  performeuice  of  these  chemical  spot  test 
kits  and  provide  a  standard  evaluation  procedure  for  follow- 
on  research. 
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AFCESA  requested  that  the  research  be  completed  to  help 
make  a  recommendation  on  the  use  of  chemical  test  kits  by 
Civil  Engineering.  To  make  such  a  recommendation, 
information  on  the  detection  level  and  reliability  of  the 
kits  needs  to  be  available.  The  performcince  of  the  kits  is 
influenced  by  variables  such  as  paint  composition,  paint 
age,  layered  combinations  of  paints,  type  of  substrate,  and 
user  training.  The  procedure  in  this  research  eliminated 
all  other  variables  except  kit  brand  and  lead  concentration 
to  determine  a  baseline  detection  level  and  performance  for 
each  kit. 

The  performance  of  the  kits  was  evaluated  around  an 
action  level  of  0.5%  w/w  to  try  to  identify  which  kit 
provides  the  best  information  about  the  potential  lead 
hazard.  The  concentrations  ranged  from  0.04%  w/w  to 
1.3%  w/w.  Several  previous  studies  showed  that  this  range 
of  concentrations  should  also  include  the  detection  limits 
of  the  kits.  Two  sodium  sulfide  kits,  Acc-U-Test  and  Lead 
Detective,  had  an  \inacceptable  rate  of  false  positive 
readings.  In  the  testing  all  readings  from  these  two  kits 
were  positive  regardless  of  the  lead  concentration.  On  the 
other  end  of  the  spectrum,  the  lead  concentrations  were 
below  the  detection  limits  of  two  sodium  rhodizonate  kits. 
Lead  Alert  and  EM  Lead  Test,  as  no  positive  readings  were 
obtained  from  them.  LeadCheck,  also  a  sodium  rhodizonate 
kit,  provided  positive  and  negative  readings  that  varied 
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with  concentration  as  expected.  For  this  kit,  probabilities 
of  detection  were  calculated  and  a  performcince  curve  was 
generated  and  compared  to  a  sanple  discomfort  curve.  The 
detection  level  at  95%  probability  of  detection  that  was 
determined  for  LeadCheck  is  0.38%  w/w.  Comparison  to  the 
discomfort  curve  highlighted  the  fact  that  the  kit  provides 
useful  information  with  a  negative  reading  but  may  have  a 
high  rate  of  false  positives.  The  accepted>ility  of  the 
false  positives  depends  on  the  needs  of  the  decision  maker 
when  setting  up  the  discomfort  curve.  Since  the  readings 
with  LeadCheck  do  change  depending  on  lead  concentration, 
useful  information  can  be  obtained  by  using  this  kit. 

All  of  the  results  from  this  study  are  valid  for  the 
controlled  conditions  and  paint  makeup  used.  The  test 
procedures  purposely  eliminated  variables  that  may  influence 
kit  perfontiemce  so  that  a  baseline  performance  could  be 
established.  All  of  the  variables  encountered  in  the  field 
except  increased  user  training  will  tend  to  degrade  the 
kits'  performance  by  shifting  the  detection  level  to  a 
higher  concentration. 

Evaluation  oL  Success 

This  research  effort  establishes  a  sound  standard  for 
evaluation  of  lead-based  paint  test  kits  emd  reporting  of 
the  results.  All  previous  research  on  the  test  kits  was 
performed  independently  with  different  conditions,  kits. 
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units  of  measure  for  lead  concentration,  methods  of 
sampling,  and  means  of  reporting.  The  data  from  the 
previous  tests  are  difficult  to  compare  to  each  other  to 
draw  a  conclusion  2djout  the  performance  of  the  kits.  The 
methodical  approach  presented  here  will  allow  one  study  to 
build  upon  another  to  reach  a  determination  of  overall 
performance  and  reliability. 

Reporting  the  data  as  a  perform2uice  curve  euid  comparing 
it  to  a  discomfort  curve  facilitates  an  understanding  of  the 
results.  Other  study  reports  have  been  ambiguous  on  biases 
from  extreme  concentrations  and  meanings  of  reported 
probabilities . 

The  problems  encountered  in  this  testing  illustrate  how 
easily  the  results  of  the  test  kits  can  be  affected.  The 
composition  of  the  paint  used  undoubtedly  hampered  the 
performance  of  the  four  test  kits  that  failed.  However,  the 
paint  is  indicative  of  a  paint  that  can  be  found  in  field 
testing  euid  therefore  provides  information  on  potential 
problems  with  the  kits.  Additional  testing  in  the 
laboratory  and  in  the  field  is  required  before  the  overall 
performance  of  these  kits  can  be  determined. 

Eifild  iis£  of 

Testing  with  the  kits  is  relatively  inexpensive  and  ceui 
provide  a  significcint  cost  savings  to  the  Air  Force.  Both 
types  of  chemical  test  kits  are  currently  being  used  in 
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field  testing  with  XRF  eind  leiboratory  backup.  The  Air  Force 
policy  on  lead-based  paints  allows  for  the  use  of  chemical 
test  kits.  These  kits  may  provide  installations  with 
significeuit  cost  savings  from  paint  sanpling.  LeadCheck  is 
the  most  expensive  of  the  kits  because  of  the  all-in-one 
swab  packaging  and  costs  eibout  $1.35  per  test.  Compare  this 
to  $35  per  test  for  laboratory  testing  and  $20,000  to 
purchase  a  portable  spectrum-euialyzer  XRF.  Based  only  on 
the  cost  of  equipment,  it  will  require  almost  15,000  tests 
before  the  cost  of  testing  with  the  purchased  XRF  is  down  to 
$1.35  per  test. 

HUD  estimated  that  the  average  cost  of  testing  a 
housing  unit  with  XRF  cind  laboratory  auialysis  is  cd>out  $375 
(8:4.4) .  For  a  conservative  estimate,  assume  that  only  the 
housing  vinits  with  high  lead  concentrations  cem  be 
identified  with  chemical  spot  tests  and  some  laboratory 
backup.  Based  on  the  age  distribution  of  Air  Force  housing 
in  Figure  3  and  the  HUD  data  in  Figure  2,  the  Air  Force  has 
nearly  48,000  housing  units  with  lead  concentrations  over 
2  mg/cm^ .  At  $375  per  unit  these  will  cost  the  Air  Force 
almost  $18  million  just  to  test.  Assuming  cm  average  of  6 
rooms  per  unit  with  ten  spot  tests  and  one  leiboratory 
analysis  per  room,  the  testing  would  cost  about  $14  million. 
This  provides  a  savings  of  $4  million  to  the  Air  Force. 

As  more  information  about  kit  performance  is  obtained, 
it  may  become  possible  to  use  two  test  kits  in  tandem  to 
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improve  the  information  obtained  from  the  kits.  A  sensitive 
kit  whose  detection  level  is  below  0.5%  w/w  provides 
assurauice  with  a  negative  reading  that  the  surface  is  safe 
but  positive  readings  can  occur  edx>ve  or  below  the  action 
level.  A  less  sensitive  kit  with  a  detection  level  above 
0.5%  w/w  provides  a  warning  with  positive  readings  of  unsafe 
lead  concentrations  but  negative  readings  are  inconclusive. 

A  surface  that  has  a  negative  reading  with  the  less 
sensitive  kit  would  be  retested  with  the  sensitive  kit.  If 
the  second  reading  was  positive,  the  concentration  would  be 
narrowed  down  to  the  reuige  between  the  two  detection  limits. 
If  the  second  reading  was  also  negative,  the  surface  could 
be  declared  safe  to  work  with.  This  type  of  dual  testing 
will  increase  the  cost  slightly  but  it  is  still  less 
expensive  than  laboratory  cinalysis  amd  may  provide  better 
information  than  an  XRF  test. 
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Teat  Kit  Analyaia 

It  is  tenpting  to  seek  a  final  euiswer  all  at  once  by 
conducting  massive  field  testing  of  the  kits.  However,  this 
will  inevitably  result  in  confusion.  This  research  lays  out 
a  methodical  approach  for  continued  testing  of  lead-based 
paint  test  kits.  Additional  laboratory  testing  should  be 
accomplished  with  carefully  controlled  variables  so  that  the 
affect  of  each  can  be  evaluated.  The  testing  should  be 
coordinated  with  other  government  agencies  who  are  working 
with  the  issue  such  as  HUD,  NIST,  EPA,  and  CPSC. 

The  Air  Force  has  the  opportunity  to  obtain  field  data 
while  other  testing  is  being  conducted.  Installations  that 
are  using  chemical  spot  tests  in  conjunction  with  laboratory 
analysis  should  be  required  to  keep  records  of  the  results. 

A  data  base  could  be  built  at  Brooks  AFB  to  conpile  data 
such  as  type  of  kit,  kit  reading,  lead  %  w/w,  age  of 
facility,  and  location  of  sanple.  The  data  should  be 
limited  to  san^les  that  were  verified  by  laboratory  testing 
and  not  XRF  because  the  validity  of  XRF  data  will  always  be 
in  question.  Lcdxtratories  have  stemdard  methods  euid  quality 
control  measures  that  are  followed  but  the  quality  of  the 
procedures  of  the  XRF  tester  will  not  be  known.  The  quality 
control  during  sampling  emd  shipping  will  be  unknown  but 
sample  conteunination  will  hopefully  be  minimal. 
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Recommendfid  Changes 

Because  of  the  interferences  encountered  in  this 
testing,  new  paints  should  be  prepared  for  any  future  tests. 
The  formulation  of  the  new  paint  should  be  conpared  to  what 
was  used  here  so  that  materials  of  concern,  particularly 
cobalt,  can  be  avoided.  A  survey  of  old  paint  storage  areas 
aroiind  the  Air  Force  may  locate  some  pre-1977  lead-based 
paint  that  could  be  used  for  sample  preparation. 

As  resources  allow,  the  new  paint  samples  should  be 
prepared  with  more  concentrations  and  across  a  wider  range. 
More  data  points  will  provide  a  better  definition  of  the 
perfonttcince  curves.  The  smallest  increments  in 
concentration  should  be  around  the  detection  levels  of  the 
kits.  However,  if  the  detection  levels  are  spread  out,  this 
may  not  be  possible.  Extending  the  concentration  range  up 
to  3%  or  4%  w/w  should  capture  the  detection  levels  of  the 
Lead  Alert  and  EM  Lead  Test  kits. 

To  maintain  a  blind  sanple  concentration,  it  will  be 
necessary  to  prepare  separate  sample  sheets  for  each  kit. 
Using  the  same  board  for  different  kits  decreased  the 
blindness  of  the  concentrations  after  one  successful  set  of 
tests  had  been  run  with  LeadCheck  because  the  previous 
result  could  be  seen. 

If  intensity  of  color  is  going  to  be  recorded,  a  visual 
color  chart  should  be  prepared  prior  to  testing.  Various 
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shades  of  pink  to  red  euid  gray  to  black  could  be  assigned  a 
number  that  would  be  recorded  with  a  positive  result. 
Probedily  only  extreme  shades  of  color  such  as  light  pink  and 
red  or  light  gray  and  black  will  be  useful  in  the  field. 
Requiring  someone  to  distinguish  shades  in  between  is  too 
subjective  to  be  included  in  cui  operating  procedure. 
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Appendix  Aj.  Definition  at  Terms 


AbatMMnt.  Action  taken  to  remove,  enclose,  or 
otherwise  reduce  or  eliminate  a  hazard. 

Action  Level.  A  concentration  that  is  selected  as  a 
likely  threshold  at  which  health  or  safety  hazards  become 
significant.  This  is  the  level  at  which  corrective  or 
protective  action  must  be  taken. 

Binonlal  bperlaent.  An  experiment  consisting  of  any 
number  of  identical,  independent  trials  where  each  trial  can 
result  in  one  of  the  same  two  possible  outcomes  (15:104). 

Detection  Level.  The  concentration  at  which  a  given 
method  of  analysis  will  reliably  identify  the  presence  of 
the  substance  being  tested  for.  Sometimes  referred  to  as 
sensitivity. 

■xtractlon.  A  process  by  which  one  (or  more)  component 
is  removed  from  a  mixture.  In  the  case  of  lead  extraction 
from  paint,  the  lead  is  leached  from  the  paint  film  by  and 
acidic  solution. 

Falsa  Nagatlva.  A  test  result  which  indicates  the 
cibsence  of  a  substance,  or  presence  below  a  level  of 
concern,  when  the  substeuice  is  actually  present  or  is 
present  above  the  level  of  concern. 

Falsa  Posltlva.  A  test  result  which  indicates  the 
presence  of  a  substance,  or  presence  above  a  level  of 
concern,  when  the  substance  is  actually  not  present  or  is 
present  below  the  level  of  concern. 

in-mitu.  A  test  conducted  in  place  without  removing 
the  substcuice  being  tested  from  its  current  environment. 

Laad-Basad  Paint.  Any  paint  in  which  the  lead 
concentration  exceeds  the  regulatory  limit.  For  a  newly 
manufactured  paint,  it  is  any  lead  concentration  greater 
than  0.06%  by  weight.  For  an  old  paint  on  a  surface,  it  is 
a  concentration  greater  than  0.5%  by  weight.  Therefore,  a 
paint  containing  small  amounts  of  lead  below  the  limit  is 
not  considered  lead-based. 
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L«Ad  Poisonina*  Lead  is  an  elemental  metal  found 
naturally  throughout  the  environment.  It  is  soluble  in 
acidic  solutions.  Adverse  effects  have  been  noted  in 
children  at  blood-lead  concentrations  as  low  as  10  mg/dL 
(22:252).  Some  of  the  symptoms  of  lead  poisoning  are 
weakness,  hyperactivity,  nausea,  insomnia,  reproductive 
difficulties,  joint  pain,  cuid  confusion  (10:2). 

Mlcrograaa/declllter  (ag/dL) .  One  millionth  of  a  gram 
per  tenth  of  a  liter.  Common  units  of  measure  for  lead 
concentration  in  blood. 

Percent  by  weight  (\  w/w) .  Unit  weight  of  a  component 
in  a  mixture  per  100  unit  weights  of  the  mixture  containing 
it . 


Pigment.  A  compound  added  to  a  paint  to  give  it 
opacity  and/or  color  (25:347-389). 

Qualitative.  A  qualitative  test  only  indicates  the 
presence  or  absence  of  a  substance.  It  gives  no  indication 
of  cimounts  or  concentrations. 

Quantitative.  Quantitative  tests  provide  data  on  total 
or  relative  amounts  of  substances. 

Reliability.  The  ability  of  a  test  method  to 
repeatedly  give  the  same  results  regardless  of  the  accuracy 
of  the  results.  Encompasses  both  repeatability  of  results 
by  a  single  tester  and  reproducibility  of  results  by 
multiple  testers . 

Sodium  Rhodizonata.  A  chemical  compound  used  in  some 
lead  detection  kits.  Upon  reaction  with  lead,  it  forms  a 
pink  to  red  complex. 

Sodium  Sul£ida.  A  chemical  compound  used  in  some  lead 
detection  kits.  Upon  reaction  with  lead,  it  forms  a  grey  to 
brown  or  black  complex. 

Substrata.  Any  base  surface  such  as  wood,  metal, 
plaster,  or  brick  that  has  been  covered  with  a  surface 
coating. 

X-Ray  Fluorascanca .  A  method  of  analysis  which 
irradiates  the  substance  being  tested  with  X-rays.  Elements 
in  the  substance  then  emit  various  frequencies  of  radiation 
which  are  characteristic  of  the  individual  elements  (9:25). 
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25. 

0.2 

0.1 

0.05 

44.65 

30. 


Titanium  Dioxide 

Cobalt 

Zirconium 

Manganese 

Other  Solids 

Volatiles 


Ey  Lux  Yellow 


Approx.  %  wt 


Chemical  Name 


9.7 

Lead  Chroroate  as  Lead 

4.7 

Non-hazard  Yellow  Pigment 

5.5 

Titanium  Dioxide 

0.2 

Cobalt 

0.2 

Zirconium 

0.07 

Manganese 

47.63 

Other  Solids 

32. 

Volatiles 
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This  is  the  Certificate  of  Analysis  for  the  following  samples: 


Client  Project  ID: 

WPAFB 

Date  Received: 

May  28 

Work  Order: 

953 

Number  of  Samples: 

4 

Sample  Type: 

Solid 

1993 


I.  Introduction 

Four  samples  arrived  at  ITAS  Cincinnati  on  May  28,  1993.  The  swples  were 
collected  on  Hay  28,  1993  and  were  labeled  as  follows: 


WPAFB  Sample 
Identification 

Sample  Location 

EM930789 

Not 

specified 

on 

Chain 

of 

Custody 

EM930790 

Not 

specified 

on 

Chain 

of 

Custody 

EM930791 

Not 

specified 

on 

Chain 

of 

Custody 

EM930792 

Not 

specified 

on 

Chain 

of 

Custody 

II.  Analytical  Results/Methodology 

The  analytical  results  for  this  report  are  presented  by  analytical  test.  The  data 
will  include  sample  Identification  information,  the  analytical  results,  and  the 
appropriate  detection  limits. 

The  analyses  requested  and  methods  used  are  listed  on  the  following  page.  ' 
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IT  Analytical  Services  *  11499  Chester  Boad  •  Cincinnati  OH  45246  •  513-782-4600 


Client:  WPATB 

Work  Order:  953 
0595301 


IT  ANAJJTICAL  SEBVIOB 
aNClNKA31.0B 


II.  Analytical  Reaults/Methodology  (cent.)  Pg.  2 


*  Total  Arsenic  by  Graphite  Furance  Atomic  Absorption; 

BPA  Method  7060 

*  Total  Mercury  by  Cold  Vapor  Atomic  Absorption; 

EPA  Method  7471 

*  Total  Barium,  Cadmium,  Chromium,  Cobalt,  Lead  and  Silver 

by  Inductively  Coupled  Plasma  Spectroscopy;  BPA  Method  6010 


III.  Quality  Control 

Immediately  following  the  analytical  data  for  the  samples  can  be  found  the  QA/QC 
information  that  pertains  to  these  samples.  The  purpose  of  this  information  is  to 
demonstrate  that  the  data  enclosed  is  scientifically  valid  and  defensible.  This 
QA/QC  data  is  used  to  assess  the  laboratory's  performance  during  the  analysis  of 
the  samples  it  accompanies.  All  quantitations  were  performed  within  the  calibrated 
range  of  the  imalytical  instirument. 


Clisnt:  WPATB 

Work  Ordor:  953 
0S9S302 


IT  ANALYTICAL  SERVICES 
CINCINNAn.  OH 


Analytical  Results,  ug/g  Pg.  3 


Client  Sample  ZD 

EN930789 

EM930790 

EM930791 

EM930792 

Detection 

Analyte 

Limit 

Arsenic 

ND 

ND 

ND 

ND 

0.8 

Barium 

750 

100 

1700 

1.1 

0.2 

Cadmium 

0.92 

0.96 

2.4 

ND 

0.2 

Chromium 

660 

87 

1400 

3.2 

1.2 

Cobalt 

410 

420 

470 

470 

1.2 

Lead 

3200 

410 

6900 

ND 

8 

Mercury 

ND 

ND 

ND 

ND 

0.2 

Silver 

ND 

ND 

ND 

11 

2 

ND  >  Not  detected 

at  or  above 

the  reported 

detection 

limit 

Analyte 

Quality  Control 

Standard  Reference  Solution 

Theoretical 

Value 

Percent 

Recovery 

Arsenic 

0.05 

106,  104 

Barium 

97.4 

94 

Cadmium 

70.3 

103 

Chromium 

182 

86 

Cobalt 

120 

101 

Lead 

44.5 

92 

Mercury 

0.003 

101,  100 

Silver 

64.4 

95 

EH 
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This  is  the  Certificate  of  Analysis  for  the  following  samples: 

Client  Project  ID:  WPAFB 

Date  Received:  June  25,  1993 

Work  Order:  1238 

Number  of  Samples:  4 

Sample  Type:  Paint  Chips 


L, Introduction 

Four  samples  arrived  at  ITAS  Cincinnati  on  June  25,  1993.  The  samples  were 
collected  on  June  23,  1993  and  were  labeled  as  follows: 


WPAFB  Sample 
Identification 

EM930927 

EM930928 

EM930929 

EM930930 


Sample  Location 


II.  Analytical  Results/Methodology 

The  analytical  results  for  this  report  are  presented  by  analytical  test.  The  data 
will  include  seunple  identification  information,  the  analytical  results,  and  the 
appropriate  detection  limits. 

The  analyses  requested  and  methods  used  are  listed  on  the  following  page. 


Reviewed  and  Approved  by: 


Tim  Soward 
Project  Manager 


American  Council  of  Independent  Laboratories 
International  Association  of  Environmental  Testing  Laboratories 
Amer’ccn  Association  for  Larxjratory  Accreditation 


IT  Analytical  Sexvices  •  11499  Chester  Road  •  Cincinnati  OH  45246  •  513-782-4600 


Cliant:  HPA7B 

Work  Order:  1238 
06123801 


IT  ANAUmCAL  SERVICES 
CINCINKAn.OH 

Pg.  2 


II.  Analytical  Resulta/Methodology  (cont.) 

*  Lead  by  Inductively  Coupled  Plasma  Spectroscopy; 
EPA  Method  6010 


III.  Quality  Control 

Immediately  following  the  analytical  data  for  the  samples  can  be  found  the  QA/QC 
information  that  pertains  to  these  samples.  The  purpose  of  this  information  is  to 
demonstrate  that  the  data  enclosed  is  scientifically  valid  and  defensible.  This 
QA/QC  data  is  used  to  assess  the  laboratory's  performance  during  the  analysis  of 
the  samples  it  accompanies.  All  quantitations  were  performed  within  the  calibrated 
range  of  the  analytical  instrument. 
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Client:  WPAFB 

Work  Order:  1238 
06123802 


IT  AKAumaa.  services 

ONClNKAn.  OH 


Pg.  3 


Client  Sample  ID 

EM930927 

EM930928 

EM930929 

EM930930 

Method  Blank  -  PBS  1 
Method  Blank  -  PBS  2 


Detection  Limit 
*  Detection  Limit  »  1 

Quality  Assurance  Data 


Analytical  Results,  ug/g 


Sample  Location 


Lead 

4700 

13000 

710 

2000 


ND  * 
1.3  * 


6.7 


Analyte 

Lead 


Quality  Control 
Standard  Reference  Solutions 


Theoretical 

Value 


1.25 


Percent 

Recovery 

94,  97 
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Appendix  £Ll  instructions  for  Uss.  nf  Xe&L  KiJin 


Modified  instructions 


General  Instructlona  for  All  Taat  Kltst 

1.  The  test  sheets  consist  of  14  -  12  x  12  inch  pieces  of 
plywood.  The  sheets  are  labeled  on  the  back  with  letters  A 
through  G,  two  of  each  letter.  The  sheets  are  each  divided 
into  a  10  X  10  grid  of  squares. 

2 .  With  fine  seuid  paper  and  using  a  twisting  motion  under 
thiimb  or  finger  pressure,  scuff  a  patch  of  the  paint  surface 
in  the  nximber  of  squares  needed  as  indicated  by  Step  3 .  Do 
not  do  more  than  what  is  immediately  needed  (ten,  then  five 
more,  then  five  more,  etc.).  Ba  siira  to  use  a  dlffarant 
place  of  sand  paper  for  each  test  sheet! 

3.  Start  by  doing  ten  tests  with  one  kit  on  one  sheet. 

-  If  one  or  more  results  are  different  from  the  others 
do  five  more. 

Then 

-  If  a  total  of  three  or  more  results  (of  the  15  now 
completed)  are  different  from  the  others  do  five  more. 

Then 

-  If  a  total  of  five  or  more  results  (of  the  20  now 
completed)  are  different  from  the  others  do  five  more. 

Then 

-  If  a  total  of  nine  or  more  results  (of  the  25  now 
completed)  are  different  from  the  others  do  five  more. 


Kit  Specific  Instructions 

Acc-P-Test  and  Load  Detectlva  -  Plastic  dropper  bottles. 

1.  At  the  beginning  of  each  day  of  testing,  check  the 
solution  by  placing  one  drop  of  solution  on  the  lead-acetate 
paper.  If  the  solution  turns  the  paper  brown  or  black,  the 
solution  is  still  active. 

2 .  Place  one  drop  of  solution  on  each  scuffed  patch  of  the 
sheet  currently  being  tested.  Be  careful  not  to  touch  the 
dropper  tip  to  the  paint. 

3.  A  positive  result  is  indicated  by  a  change  in  color 
ranging  from  gray  to  black.  For  each  square  showing  a 
positive  result,  indicate  on  the  data  sheet  a  "+"  for 
gray/barely  discernible,  a  "++"  for  dark  gray/easily 
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discernible,  or  a  "+++"  for  black/obvious .  Also,  indicate 
the  approximate  time  required  for  the  color  chcmge  to  occur, 

4.  If  no  color  change  occurs  the  result  is  negative.  Allow 
a  maximum  of  30  minutes  for  the  color  change  to  occur.  For 
each  square  on  which  there  is  no  change,  record  a  on  the 
data  sheet.  Other  colors  such  as  red,  blue,  or  green  are 
also  negative  results  for  lead. 

5.  Repeat ^ Steps  3-4  as  required  to  meet  the  requirements 
of  Step  3  in  the  General  Instructions. 


L^adChflck  -  Individual  cardboard- lined  swabs. 

1.  With  the  swab  tip  pointing  up,  crush  the  swab  tube  with 
your  fingers  at  the  points  marked  "A"  and  "B" .  Crush  Point 
A  first  and  then  Point  B. 

2 .  With  the  swab  tip  pointing  down,  shake  the  swab  two  or 
three  times . 

3.  Hold  the  swab  tip  over  the  scuffed  patch  to  be  tested 
and  gently  squeeze  the  tube  until  two  or  three  drops  fall 
onto  the  scuffed  patch.  Now,  while  continuing  to  squeeze 
the  tube,  gently  rub  the  swab  tip  on  the  patch  for  30 
seconds.  Use  one  swab  for  each  seuffad.  patch  1 

4.  A  positive  result  is  indicated  by  a  change  in  color  on 
the  paint  ranging  from  pink  to  red.  For  each  square  showing 
a  positive  result,  indicate  on  the  data  sheet  a  "+"  for 
pink/barely  discernible,  a  "++"  for  dark  pink/easily 
discernible,  or  a  "+++"  for  red/obvious.  Also,  indicate  the 
approximate  time  required  for  the  color  change  to  occur. 

5.  If  no  color  change  occurs  the  result  is  negative.  Allow 
a  maximum  of  30  minutes  for  the  color  change  to  occur.  For 
each  square  on  which  there  is  no  change,  record  a  on  the 
data  sheet.  Other  colors  such  as  yellow  or  orange  are  also 
negative  results  for  lead. 

6 .  Repeat  ^  Steps  1-5  as  required  to  meet  the  requirements 
of  Step  3  in  the  General  Instructions. 


LfiAd  Alert  -  White  dropper  bottle  with  leaching  solution  and 
clear  dropper  bottle  with  yellow  indicating  solution. 

1.  Place  a  piece  of  filter  paper  on  each  scuffed  patch  to 
be  tested. 
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2 .  Put  two  drops  of  leaching  solution  on  each  piece  of 
filter  paper. 


3.  Allow  to  stand  for  30  minutes  then  place  two  drops  of 
indicating  solution  on  the  filter  paper. 

4 .  A  positive  result  is  indicated  by  a  change  in  color 
ranging  from  pink  to  red.  For  each  square  showing  a 
positive  result,  indicate  on  the  data  sheet  a  "+"  for 
pink/barely  discernible,  a  "++"  for  dark  pink/easily 
discernible,  or  a  *+++"  for  red/obvious.  Also,  indicate  the 
approximate  time  required  for  the  color  change  to  occur. 

5.  If  no  color  change  occurs  the  result  is  negative.  For 
each  square  on  which  there  is  no  change,  record  a  on  the 
data  sheet.  Other  colors  such  as  yellow  or  orange  are  also 
negative  results  for  lead, 

6.  Repeat  Steps  1  -  5  as  required  to  meet  the  requirements 
of  Step  3  in  the  General  Instructions, 


EM  ZASt^  -  Black  dropper  bottle  of  reagent  and  white 

test  strips. 

1.  Put  two  to  three  drops  of  reagent  on  each  scuffed  patch 
to  be  tested. 

2 .  Stir  the  reagent  around  several  times  with  the  upper  end 
of  a  test  strip  and  allow  to  stand  for  30  minutes. 

3 .  Gently  press  the  reaction  zone  of  the  test  strip  onto 
the  surface  to  allow  the  reagent  to  soak  into  the  reaction 
zone.  Use  one  test  strip  for  each  scuffed  patch 1 

4.  After  one  minute,  compare  the  reaction  zone  with  the 
color  scale  on  the  test  strip  canister.  A  positive  result 
is  indicated  by  a  cheuige  in  color  reuiging  from  pink  to  red. 
For  each  square  showing  a  positive  result,  indicate  on  the 
data  sheet  a  "+"  for  pink/barely  discernible,  a  "++"  for 
dark  pink/easily  discernible,  or  a  "+++"  for  red/obvious. 
Also,  indicate  the  approximate  time  required  for  the  color 
change  to  occur. 

5.  If  no  color  change  occurs  the  result  is  negative.  For 
each  square  on  which  there  is  no  change,  record  a  on  the 
data  sheet.  Other  colors  such  as  yellow  or  orange  are  also 
negative  results  for  lead. 

6 .  Repeat  Steps  1  -  5  as  required  to  meet  the  requirements 
of  Step  3  in  the  General  Instructions. 
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SWABS 


LEAD  TEST  KIT 

Instruction  Manual 

PLEASE  READ  CAREFULLY 

Uadl^Mk  Swabs  provide  a  convenient  method  for 
the  detection  of  lead  on  painted  vnod  or  metal  surfaces, 
toys,  ceramics,  glassware,  furniture  and  other  items. 
This  innovative  and  patented  test*  can  alert  the  user 
to  the  presence  of  lead  so  that  proper  action  can  be 
taken  to  avoid  the  harmful  effects  which  lead  can 
produce.  This  test  is  not  intended  to  be  quantitative  - 
please  consult  a  lead  inspector,  a  testing  laboratory  or 
your  Department  of  Health  when  items  or  areas  lest 
positive  for  lead. 

Health  Hazartfs  of  Lead 

Lead  poisoning  can  cause  severe  health  effects 
including  damage  to  the  liver,  kidneys,  brain,  nerves, 
bones  and  blood.  Children  are  espe^ly  at  high-ruk 
because  they  routinely  ingest  non-food  items  contam¬ 
inated  with  lead.  Toxic  levels  of  lead  can  cause  perma¬ 
nent  learning  disabilities,  retardation  and  even  brain 
darnage  in  young  children.  Documentation  reveals  that 
serious  behavioral  problems  and  learning  disabilities 
are  seven  times  more  likely  to  occur  in  children 
exposed  to  low-ievels  of  lead  over  an  extended  period 
of  time  (The  New  England  Journal  ol  Medicine  - 
JvHOiy  1 1. 1990).  In  adults,  lead  poisoning  can  cause 
high  blood  pressure  and  reprorhKtive  problems.  In 
pregnant  women,  the  fetus  is  particularfy  vulnerable 
to  lead’s  toxic  effects. 

Symptoms  of  Lead  Poisoning 

Symptoms  include:  ftf^re,  pallor,  loss  of  appetite, 
irritability,  sleep  disturbance,  sudden  behavioral' 
change  and  developmental  regression.  Mote  serious 
symptoms  include  clumsiness,  muscular  irreguiaribr, 
abdominal  pain,  persistent  vomiting,  consbpatm  and 
changes  in  consciousness.  Anyone  who  displays 
these  symptoms  should  receive  a  thoromh  medical 
examin^on. 


GENERAL  iffSTRUCnONS 

LMdCbMk  krabi  contain  two  glass  amputes  of 
non-hazardous  testing  chemicals.  For  ALL  TESTING 
APPLICATIONS,  use  the  following  steps  to  activate 
the  Swab  (see  Diagram  on  back  of  package): 

1.  CRUSH  -  WNh  the  Swab  tip  pointing  up,  squeeze 
and  crush  points  marked  ‘A*  and  *8*  locabed  on 
Ihe  barrel  of  IheSw^. 

2.  SHAKE  AND  SQUEEZE  -  With  the  Swab  tip 

pointing  down,  shake  twice  and  squeeze  gendy 
until  the  yellow  liquid  appears  on  the  Swab  tip  - 
Oie  is  now  actnaled  lor  testing. 

3.  RUB -While  squeezing  gently,  rub  the  Swab  bp  on 
Ihe  test  area  kx  30  seconds.  (NOTE:  See  SPECIAL 

INSTRUCTIOt^  tor  lestir^  spedTic  itms/areas.) 

TEST  RESULTS 

It  the  Swab  tip  turns  pink,  the  test  is  positive  - 
LEAD  IS  PRESENT.  If  the  Swab  indicates  no  color 
change,  the  test  is  negativeand  no  teachable  lead  has 
been  detected.  Proceed  to  the  Test  Confirmation 
Card  to  verify  ALL  NEGATIVE  results.  Alt  testing 
must  be  completed  within  two  (2)  minuAS. 

(NOTE:  Wien  a  Swab  tip  turns  pink,  indicating  a 
posithreiKult  (lead  is  present),  the  Swab  mayno 
longer  be  used.  Swabs  must  be  used  immediately 

after  being  activated.  Swabs  are  not  reusable.) 

TEST  CONF1RRMTION  CARO 

Included  with  your  laadCbacfc  Test  Kit  is  a  Test 
Confirmation  Ciard.  On  each  card  are  test  dots,  each 
containingasmail  amount  of  lead.  TheTest  Confirma¬ 
tion  Card  is  used  to  confirm  a  NEGATIVE  RESULT. 
If  the  Swab  bp  does  NOT  turn  pink  after  lesbngtheilem 
or  area,  nb)  the  bp  of  the  Swab  on  one  of  Ihe  unused  test 
dots,  bapink  or  ted color  appears  on  either  ihe  dot  or  the 
Swab,  the  lest  was  performed  properly  and  you  did 
obtain  a  TRUE  l€GATIVE  RESULT.  Be  sure  to  use  the 
Test  Confirmation  Cardattheendof2minules  of  testing, 
if  the  Swab  did  not  turn  pink  on  any  of  the  items  tested. 
If  the  test  dot  and/or  Sw^  bp  does  not  turn  pink  or  ted, 
the  test  was  invtfid  and  must  be  repeated  with  a  new 
LaadClwck  Bank.  ALL  NEGATIVE  RESULTS  MUST 
BE  CONRRMED  WITH  THE  TEST  CONRRMATION 
CARO. 


TESTING  PRECAUTIONS 

1.  TestConfirmationCardscorttainsmaflamounts 
of  lead.  Keep  atl  lead-containing  itwns  and 
LeadCheck  Test  Kits  secure  -  KEEP  OUT  OF 
THE  REACH  OF  CHILDREN. 

2.  Do  not  touch  the  Swab  tip  -  wash  hands 
after  use. 

3.  If  the  test  is  positive,  exercise  caution  in 
handbng  the  item  or  material.  Consult  with  a 
lead  inspector,  testing  laboratory  or  your 
OepartmW  of  Health. 

4.  Surfaces  which  become  pink  during  testing 
may  be  washed  with  an  all-purpose  house¬ 
hold  cteaner. 

5.  LeadCkbek  Sirata  CANNOT  be  used  to 
detect  lead  in  water. 

SPECIAL  INSTRUCTIONS 

The  following  insbuctions  are  provided  for  specifi; 

items  and  areas  to  be  tested  with  LeadCktek 

SmBb.  please  READ  THOROUGHLY. 

PaintBd  Wood  or  Metal  Surfaces 

House  paint  contained  lead  until  1978.  Old  vamisnes 

and  lacquers  may  also  be  lead-containing.  To  test  any 

painted,  varnished  or  lacquered  surface. 

1.  Clean  and  remove  all  dust  and  dirt  from  the  area  t: 
be  tested. 

2.  With  a  clean  knife  or  scraper,  cut  a  small  1/4*  note* 
at  a  diagonal  to  expose  alt  pairded  layers  down  to 
Ihe  bate  surface  -  lead  may  be  present  in  any  layer 
of  paint 

3.  Rub  Ihe  activated  SwA  in  the  exposed  cross-section 
for  30  seconds.  If  sty  of  the  layers  contain  tead.  a 
positive  result  will  occur  -  the  Swab  or  surface 
will  turn  pink.  (fKJTE  See  steps  1  throui^  3  m 
G&IEML  INSTWCTIONS.) 

PAINT  TESTING  PRECAUTIONS 

1.  Red  Painted  Surfaces  -  'Bleeding*  may  occur 
when  testing  surtves  that  are  ptwtted  ted.  Moiston 
cotton-tipped  applicators  with  a  few  drops  of  dis¬ 
tilled  white  vinegar.  Rub  the  moistened  cotton  on  rec 
surface.  If  red  appears  on  the  cotton,  LwwBClMck 
Smbs  cannot  be  used.  Call  LsadCheck 
(1-BOO-282-LEAO)  for  additional  infotmabon. 

2.  Gypsum.  Plaster  Oust  atuf  Stucco  -  Sulfates 
preent  in  gypsum,  plaster  dust  and  stucco  car 
interfere  with  the  color  development  on  the  Swab 
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Tests  performed  on  painted  vialls  tree  of  gypsum 
or  piaster  dust  are  ^id.  BE  3URE  TO  THE 
TESTCONRRMATION  CARO  TO  VERIFY  PROPER 
TESTING.  If  pink  Is  not  seen  on  either  the  test  dot 
or  the  Swab,  it  is  likely  that  plaster  dust  has  inter¬ 
fered  with  the  color  de^opment  and  the  test  is  not 
valid.  Call  ItiiClwcIi  (1-M8*2>2-LEJIB|  for 
additional  information. 

3.  Color  Development  Time  -  With  certain  paints, 
lead  is  difficult  to  extract  and  it  may  lake  longer 
tor  positive  test  results  to  develop.  Examine  the 
test  surface  30  to  60  minutes  after  the  test  has 
been  performed  before  assuming  a  test  result. 
Further  quantitative  measurements  are  needed  to 
determine  the  level  of  lead  in  such  paints.  Consult 
with  a  lead  inspector,  testing  laboratory  or  your 
Department  of  .Health 

4.  Other  Colors  -  Some  paints  contain  barium 
sulfate  (an  extender)  which  will  produce  an 
'orange'  color  on  the  Swab  tip.  Barium  is  less  toxic 
than  lead  and  no  special  precautions  need  to  be 
taken.  If  the  Swab  turns  pink  over  the  orange  color, 
a  positive  result  is  indicated  and  lead  is  present. 

(NOTE:  It  lest  results  prove  negXive  on  a  house 
painted  prior  to  1978.  and  you  are  concerned  (hat 
lead  is  present,  call  a  lead-paint  inspector  or  send  a 
paint  chip  to  a  testing  taboratory  loraalysis.) 

Oust 

Lead-containing  dust  is  the  main  route  tor  lead  poison¬ 
ing  in  children.  Renovations  involving  lead-basM  paint 
can  create  dangerous  levels  of  lead-paint  dust  The 
following  procedures  are  used  to  lest  for  lead  in  dust 
For  non-leaded  surfaces  (e.g.  wood,  linoleum  or 
carpet); 

1.  Activate  the  LndCtack  Swifc  (see  GENERAL 
INSTRUCTIONS). 

2.  Rub  the  activated  Swab  in  the  dust  tor  30  seconds.  If 
the  dust  contains  lead,  the  Swab  tip  will  turn  pink. 
(NOTE:  Avoid  rubbing  the  Swab  into  large  amounts 
of  'dirt  dust'  as  this  will  obscure  the  color  test 
results  on  the  Swab.) 

For  leaded  surfaces  (e.g.  windowsill  painted  with 
lead  paint); 

1 .  Collect  a  small  sample  of  paint  onto  a  non-leaded 
surface  such  as  a  plastic  dish  or  piece  of  wax  paper. 

2.  Activate  the  LeatfCtoek  Swtb  (see  GEf€RAL 
INSTRUCTIONS). 

3.  Rub  the  activated  Swab  in  the  dust  for  30  seconds.  If 
the  dust  contains  lead,  a  positive  result  will  occur. 


Ceramics  and  Lead  Ciystai 

Improper  marufacture  of  glazed  ceramicware  or  lead 
crystal  can  allow  lead  to  jeach  Irom  the  item's  surface 
into  food.  Use  the  foiiowi^  procedure  to  test  ceramic- 
ware  and  lead  crystal  tor  teachable  lead; 

1.  Activate  the  leedCtwct  Saak  (see  GENERAL 
INSTRUCTIONS). 

2.  Rub  the  Swab  over  all  patterns  containing  different 
colored  glazes  ^d  any  cracks  or  chipped  areas.  If 
lead  is  leaching  from  the  surface,  the  Swab  will 
turn  pink.  You  should  test  a  least  10%  of  any  set 
of  ceramicware. 

3.  When  testing  lead  crystal,  mb  the  Swab  on  the  inside 
surface  of  the  wine  glass,  decanter  or  other  «ssel. 

Solder  (Plumbing  and  Food  Cans) 

The  following  procedure  will  test  for  lead  in  solder  used 
to  join  copper  piping  and  seams  of  cans; 

1  Wipe  off  the  solder  joint  with  a  paper  towel  or  cloth. 

2.  Using  an  emery  board  or  sandpaper,  lightly  score 
the  surface  to  be  tested. 

3.  Activate  the  LaadCtoek  Swab  (see  GENERAL 
INSTRUCTIONS). 

4.  Squeeze  one  drop  of  yellow  liquid  from  the  Swab 
onto  the  solder  surfKe. 

5.  TouchiheSwabtiptcthewetsoldersuifaceand  rub 
gently  for  ONLY  10  SECONDS  OR  LESS. 

6.  The  Swab  will  turn  pink  if  the  solder  contains  greater 
than  2%  lead.  (NOTE  Rubbing  the  Swab  too  long 
or  too  hard  maycxrseameiallic  Him  to  be  deposited 
on  the  Swab  tip  and  a  ptaple  color  will  result.  If  the 
color  purple  is  obtained,  the  lest  must  be  repealed 
with  a  new  LeadCheck  Swab.) 

Lead  Foils  (Wins/Cbampagna  Bottiss) 

To  test  for  lead  in  foil  used  to  wrap  bottles,  follow 
steps  1  -  6  uni^  SOLDER  lesbng.  (NOTE  If  a  bottle  is 
sealed  with  lead  foil,  before  imcorking.  tlwoughly 
wipe  the  bottle  top  widt  a  rag  or  sponge  moistened 
with  vinegar  or  lemon  juice.) 

Soil 

Using  IndCtack  Swabs,  the  following  procedure 
wilt  test  soil  tor  high  lead  contenk 

1.  Place  approximately  equal  amounts  of  sotl  Irom 
various  areas  in  a  flexible  plastic  bag.  Mix  dirt 
thoroughly,  breaking  up  any  large  clumps. 

2.  Place  one  traspoon  of  the  mixed  soil,  along  with 
two  teaspoons  of  reconstituted  lemon  juice  into 
a  non-leaded  glass  (or  plastic)  corkainer 


3.  Thoroughly  mix  the  din  and  lemon  juice  togethe' 

4.  Allow  the  dirt  to  settle  overnight  at  room 
temperature. 

5.  The  following  morning,  remove  one  small  drop 
of  liquid  above  the  din  and  place  it  on  a  piece  r 
piastic  wrap  or  waxed  paper  (NOTE  Too  large  r 
a  drop  of  liguid  dilutes  the  lead  rextive  mater ai  r 
the  Sw^.  causing  an  inaccurate  test  resuit  I 

S.  Activate  the  lesdCbbck  Swab  (see  GENERAL 
INSTRUCTIONS). 

7  Rub  the  Swab  tip  m  the  drop  of  liquid  tor  aBO'l'" 
15  SECONDS 

8.  The  Swab,  paoer.  or  both  will  show  a  positive  res. ; 
il  HIGH  LEVELS  of  extracable  lead  are  present  m  re 
soil  tested.  (NOTE.  Some  soiis  may  complete'', 
absorb  the  two  teaspoons  ol  lemon  juice  If  yours: 
sample  does  not  leave  a  layer  ol  liquid  above  r 
repeat  the  test  with  more  lemon  juice.) 

II  you  still  suspect  lead  ccntaminauon  after  obtami;'; 
a  negative  result,  you  can  send  a  soil  sample  to  a  sate 
or  commercial  laboratory  to  obtain  a  quantiaiive  .'es'. ' 

WARRANTIES 

LaadChtek  Swabs  provide  a  convenient  metnod  'c 
the  detection  of  leachaoie  lead  m  glazed  ceramics 
pottery,  decorated  glassware.  dusL  soldered  plumbm; 
and  M  cans,  paint  chips,  and  any  painted  surface  Th  .s 
test  is  a  presumi^ive  test  tor  lead  and  should  not  be 
considered  quantitative.  Under  controlled  laborator, 
conditions.  LaadCback  Swabs  will  reproducib  y 
detect  1  -  2  micrograms  of  lead  leacnmg  out  ot  dishes 
Under  the  conditions  described  m  the  instructions 
LaaKkacfc  Swabs  will  detect  (high)  levels  of  leacn- 
abfe  lead  that  exceed  government  regulations.  Us? 
ot  this  test  is  not  intended  to  replace  a  professicra 
inspection.  No  guarantees  are  intended  or  Implied 

LIABILITY 

The  manufacturer  assumes  no  liability  tor  the  mis¬ 
use  of  LaadChack  Swabs  or  tor  the  interpretation 
ot  the  results  by  the  user.  It  lead  contamination  s 
suspected  based  upon  this  test,  consult  a  deieadm; 
specialist,  a  professional  testing  laboratory  or  your 
local  Department  of  Public  Health 

HybriVet  Systems,  Inc. 

P.O.  BOX  1210 
Framingham.  MA  01701 
1 -800-262-LEAD 

’  This  product  i$  protected  under  U.S.  Patent 
No.  S.039.618 

C  1992  HybnVet  Systems,  inc. 
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MERCK 


Merckoquant*  10077 


Lead  Test 


Test  stripe  and  reagent  for  the  detection  and  semiquan- 
tltative  deterxnination  of  lead  ions 


General 

The  Merckoquant*  Lead  test  strip  is  suitable  for  the  semiquantitative  deterxnina¬ 
tion  of  lead  ioxis  in  solutions  and  for  the  detection  of  metallic  lead  and  lead  com¬ 
pounds  on  surfiaces. 

In  spite  of  its  toxicity  (accumulation  of  lead  in  the  body  [saturnism]  througfh  in¬ 
halation  and  absorption  otlend  vapours  and  dust)  lead  is  used  for  xaaxxy  piurpoees 
such  as  cable  sheathing,  radiation  protection  against  X-ray  and  gamma  radia- 
tion,  accumulators,  manufacture  of  containers  and  tubes,  in  paints  (red  lead)  as 
well  as  in  tetraethyllead  (antiknock  compound  in  petrol),  because  of  its  versatili¬ 
ty  and  ease  of  processing  (soft  and  malleable)  as  well  as  its  resistance  to  corrosive 
liquids. 

The  lead  detectable  in  the  environment  (waters,  soils,  foods)  ixiainly  originates 
from  automotive  exhaust  gases  from  the  combustion  of  leaded  petrol.  Lead  and 
lead  oxide  are  formed  which  enter  the  atmosphere  a  jid  can  also  be  detected  in  the 
exhaust  pipe  so  that  it  can  be  ascertained  whether  a  vehicle  has  been  run  on  lead¬ 
ed  petrol  or  not. 

Poisoning  of  a  catalytic  converter  can  also  be  detected.  The  catalytic  converter 
is  rendered  useless  by  malicioxis  or  accidental  use  of  leaded  petanl  so  that  high 
concentratioixs  of  NO*  compounds  enter  the  atmosphere  with  the  exhaust 
gases. 


The  Merckoq[uant*  Lead  Test  only  detects  ionic  lead  and  not  organic  compounds 
of  lead  such  as  tetraethyllead  in  petrol. 
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Method  of  determination 

In  acidic  solution  lead  reacts  with  rodizonic  acid  to  form  a  red  coloured  complex. 


Direotiona  for  use 


In  aqueous  solutions:  ■ 

1.  Rinse  the  measnrfng  vessel  with  the  solution  to  be  tested  and  fill  to  the  5tI 

mark.  •  ;C^ 

2.  Add  2  drops  of  reagent  (acetic  acid)  and  mix  carefoUy. 

.S'"-  r  :  1- 

3.  Dip  the  reaction  z(^  of  the  test  strip  in  t^sicdation  to  be  testedfor  l  I 

ond  such  that  the  reaction  zone  is  propwiy  wetted.  Wipe  ttie  edge  of  the  t 
atrip  against  ttie  edge  of  the  vessel  to  remove  excess  liquid. 

4.  Compare  the  reaction  zone  with  the  colour  scale  after  2  minutes. 


Remarks 

The  pH  of  the  solution  to  be  tested  should  lie  between  2  and  5.  This  is  normally 
achieved  with  the  reagent.  If  the  pH  value  is  not  obtained  with  the  amount  of 
reagent  given  in  the  Directions  for  use  (check  with  a  pH  indicator  strip) ,  strongly 
acidic  solutions  must  be  buffered  with  1  mol/1  sodium  hydroxide  solution  and 
alkaline  solutions  with  1  mol/1  nitric  acid. 

No  further  reagent  is  required  and  solutions  which  already  lie  within  the  correct 
pH  range  do  not  require  any  reagent  either. 
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On  surfaces: 

A)  1.  Drop  1—3  drops  of  reagent  onto  the  surface  to  be  tested. 

2 .  Stir  the  reagent  around  several  times  with  the  upper  end  of  the  test  strip 
and  leave  to  react  for  i  minute. 

3.  Briefly  gently  press  the  reaction  zone  of  the  test  strip  onto  the  sur&ce  to 
allow  the  solution  to  soak  into  the  reaction  zone. 

4.  After  1  minute,  compare  the  reaction  zone  with  the  colour  scale. 

B)  1 .  Moisten  the  reaction  zone  of  the  test  strip  with  i  drop  of  reagent  and  im¬ 

mediately  gently  press  against  the  surface  to  be  tested  for  2  minutes. 

2.  Compare  the  reaction  zone  with  the  colour  scale. 

Evaluation :  any  red  coloration  indicates  the  presence  of  lead.  If  the  reaction  zone 
is  colorless  to  yeUow,  no  lead  is  present. 

If  it  is  not  possible  to  conduct  a  direct  determination  on  a  surface,  for  instance 
if  it  is  inaccessible  as  with  an  exhaust  pipe  which  is  turned  down  at  an  angle,  a 
sample  firom  the  siirface  to  be  tested  mvist  be  transferred  to  the  measuring  vessel 
to  be  able  to  conduct  a  determination. 

1 .  Scrape  a  little  of  the  exhaust  residue  into  the  measuring  vessel  using  for  in¬ 
stance  a  screwdriver. 

2.  Add  5  drops  of  reagent,  mix  and  leave  to  react  for  1  minute. 

3.  Dip  the  reaction  zone  ofthe  test  strip  into  the  solution  to  be  tested  for  1  second 
such  that  the  reaction  zone  is  ftilly  wetted.  Wipe  the  edge  of  the  test  strip 
against  the  edge  of  the  vessel  to  remove  excess  liquid. 

4.  After  1  minute,  compare  the  reaction  zone  with  the  coloxir  scale. 

Evaluation:  Any  red  coloration  indicates  the  presence  of  lead.  If  the  reaction 
zone  is  colorless  to  yellow,  no  lead  is  present. 

For  farther  information  (e.g.  on  interference  by  anions  and  cations)  please  send 
for  our  Merckoquant*  Tests  leaflet. 


99 


storage 

The  package  should  be  stored  cool  (5—20  **0)  and  dry.  Immediately  reclose  the 
tube  after  removing  the  necessary  test  strips  and  replace  the  screw  cap  on  the 
reagent  bottle. 


Safety  precautions 

Store  test  kits  such  that  they  cannot  fall  into  the  hands  of  children,  instruct 
young  persons  as  to  the  safety  precautions.  Avoid  contact  with  skin  and  eyes  (the 
reagent  contains  dilute  acetic  acid),  also  do  not  touch  the  reaction  zone.  After 
completion  of  the  determination,  wash  away  the  sample  in  a  place  where  no  con¬ 
tact  with  food  or  eating  utensils  is  possible.  Thoroughly  wash  away  with  water 
and  immediately  wash  the  hands. 

Further  rapid  tests 

Numerous  colorimetric  and  titrimetric  rapid  tests  as  well  as  ion-specific  Mercko- 
(piant*  test  strips  are  available  for  the  determination  of  fiirther  ions  and  com¬ 
pounds. 

Our  brochure  "Rapid  test  kits  for  analyzing  water,  soil  samples,  solids, 
foodstuffs”  provides  further  information  on  the  overall  range. 


E.  Merck,  Postfach  41 19,  D-6100  Darmstadt  1, 
Tel.  (0  61  51)  7  20,  Telex  4  19  328-0  em  d 
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LIMITED  WARRANTY  ~| 

Pace  Environs,  Inc.  (Pace)  wanants  to  the  oiiginai 
retail  purchaser  (you)  that  this  Lead  Alert  Kit  is  free 
£rom  defects  in  materials  at  the  time  of  your  original 
retail  purchase.  Pace  will,  without  ch^e,  replace 
defective  items  or  (at  Pace's  opdon)  refund  the 
purchase  price  you  paid,  provided  you  return  the  Lead 
Alert  Kit  and  a  copy  of  your  dated  proof  of  purdiase  to 
Pace  within  60  days  from  the  date  of  original  retail 
purchase.  This  warranty  does  not  cover  damage 
resulting  fiom  accident,  abuse  or  misuse. 

Pace  makes  no  represoitaiion  or  warranty  concern¬ 
ing,  and  assumes  no  responsibility  for,  the  results  ob¬ 
tained  from  this  product  or  the  interpretation  of  such 
results. 

All  implied  warranties,  including  impUed  warranties 
of  merchantability  and  fitness  for  a  particular  purpose, 
are  Umited  in  duration  to  60  days  frtm  the  date  of  your 
original  retail  purchase. 

The  foregoing  states  Pace's  endie  obligation  and 
your  sde  remedies  for  breach  of  warranty,  whether 
express  or  implied,  and  the  above  warranty  is  in  lien  of 
ail  other  express  warranties,  whether  oral  or  written.  In 
no  event  will  Pace  or  anyone  involved  in  the  manufac¬ 
ture  or  distribution  of  this  product  be  liaUe  for  conse¬ 
quential,  incidental  or  other  damages  in  connection  with 
this  product,  or  for  any  amount  in  excess  of  the 
purchase  price  you  paid.  No  one  is  authorized  to  modify 
this  warranty  or  to  assume  any  other  liability  on  behalf 
of  Pace  in  connection  with  this  product. 

Some  states  do  not  allow  limitations  on  how  long  an 
implied  warranty  lasts  or  the  exclusion  or  limitation  of 
incidental  or  consequential  damages,  so  the  above  limi¬ 
tations  or  exclusions  may  not  apply  to  you.  This  war¬ 
ranty  gives  you  specific  legal  rights,  and  you  may  also 
have  other  rights  which  vary  fiom  state  to  state. 

For  warranty  claims,  contact  Pace  at  81  Hnchdene 
Square,  Scarborough,  Ontario,  M1X1B4,  Canada. 

For  warranty  or  technical  information  call 

(416)  293-5008 

®  Copyright  1992 
PACE  ENVIRONS,  INC. 

CARY,  N.C.  -  SCARBOROUGH,  ONT. 

0292PC-1 


EASY  INSTRUCTIONS  FOR 

FRANDON^- 


KIT 

Pretactad  Undar  U.S.  Patant  Noa.  4,873,197;  5,010,020 

Detects  Lead  in  the 
Home  Environment 

GOAL  OF  THIS  KIT 

The  goal  of  this  testkit  is  to  provide  a  single  memod 
to  alert  users  to  the  presence  of  dangerous  levels  of 
lead  in  a  variety  of  materials  often  found  in  the  home. 


CONTENTS  OF  THIS  KIT 


Dark  brown-red 

One  each  (two  if  100  test 

tablets 

kit) 

Indcating  Solution 

One  each  (two  if  100  test 
kit),  red  top  bottles 

Leaching  Solution 

One  each,  white  bottle 

Test  papers 

(100  test  kit) 

Abrasive  strips 

In  redoseable  pouch;  use 
each  strip  only  once 

Applicators 

Lead-free  cotton-tipped 
swabs  in  redoseable  pro¬ 
tective  pouch;  use  each  ap¬ 
plicator  tip  only  once 

Positive  Control 

A  strip  with  six  drcles.  Use 
to  confirm  effectiveness  of 
testing  system. 

Plastic  box 

Instructions 

Can  be  used  as  a  viewing 
surface 
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HOW  TO  PREPARE 
INDICATING  SOLUTION 


1.  Remove  red  cap  fromplasdc  bottle  labelled  “Indicat¬ 
ing  Solution.” 

2.  Carefully  remove  the  dropper  insert  by  loUingAwist- 
ing  it  to  the  side. 

3.  Open  the  taUet  container  and  |dace  only  one  tablet 
into  the  solution. 

4.  Replace  the  dropper  insert  and  the  ted  cap  and  shake 
the  bottle  for  one  mlDute.  Allow  the  bottle  to  stand 
for  five  minuiBS  and  then  shake  it  again  until  the 
sdution  turns  yellow.  The  tablet  will  not  be  cnn- 
pletely  dissolved.  TfabisnonnaL 

The  Indicating  Sdution,  once  prepared,  is  designed 
to  be  effective  for  at  least  three  days  at  room  temperature, 
provided  the  solutionis  stotedinadaik,  cod  plaM.  Most 
testing  will  normally  be  convicted  in  amatter  of  minutes 
orhoun.  If  your  testing  is  interrupted  for  any  reason,  we 
suggest  putting  all  contents  of  the  kit  back  in  the  box, 
securing  the  lid  and  storing  in  a  closed  drawer.  If  testing 
has  been  intem^ted  for  more  than  24  hours,  prior  to 
commencing  firmer  testing  we  recommend  you  per¬ 
form  a  Positive  Control  Testinduded  with  this  kic 


Use  this  test  to  verify  that  the  testing  system  is 
working  properly,  to  give  visual  indication  of  the  rose 
cdor  and  to  give  yoiooitfidenoe  in  your  results.  Thetest 
may  be  performed  up  to  six  times. 

1.  Place  twodropsofLeaching  Solution  and  two  drops 
of  Indicating  Sdution  on  one  tip  of  applicator. 

2.  Pressthe^licatortipagainsttbecenierofoneofthe 
numbered  circles  that  has  not  previously  bear  used 
on  the  Solution  Test  Strip. 

3.  A  pinkish  stain  will  appear  on  the  replicator  tip  andf 
oronthecircle.  This  indicates  that  theFRANDON™ 
LEAD  ALERT  lest  system  is  working  correctly.  If 
apinldsh  stain  does  not  appear,  the  Indicating  Mo¬ 
tion  has  expired. 

Caution:  For  testing  purposes,  tin  areas  inside  the 
drdes  of  the  Solution  Test  Strip  contain  minute  amounts 
of  lead.  Do  not  touch  these  areas.  Wash  hands  after 
use.  Keep  away  from  children. 
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SPECinC  TEST  INSTRUCTIONS 


Lead-amtaminated  peeling  paint  and  paint  dust  are 
the  leading  causes  of  childhood  lead  pdsoning,  accord¬ 
ing  to  the  governmenL  Lead  paint  can  also  cause  fetal 
and  adult  lead  poisoning.  Lead  paint  used  in  homes  was 
rtot  outlawed  in  the  U.S.  until  1978.  Therefore,  ret»va- 
tions,  remodeling  or  painting/decorating  projects  should 
never  be  undertaken  in  homes  built  before  1978  without 
first  testing  all  layers  of  paint.  Even  if  the  top  layer  of 
paint  tests  lead  free,  nmlerlying  coats  of  paint  may 
contain  lead,  winch,  wben  san^,  scraped  or  heated  will 
enter  the  air  in  the  form  of  dust.  From  there  it  can  be 
inhaled,  or  it  can  settle  on  the  floor  and  fliminire  whoe 
children  can  ingest  it  by  putting  their  hands  into  their 
mouths.  If  achild  eats  oidy  three  particles  oflead  tire  size 
of  sugar  crystals  every  day,  over  time  that  child  will  moa 
certainly  suffer  the  effects  of  lead  poisoning 

Before  testing  red  paint,  check  for  “bleeding”  by 
rubbing  area  with  a  cotton  ball  or  flesh  applicator  tip 
soaked  in  distilled  white  vinegar.  Ifredpigment“bleeds” 
onto  the  cotton,  this  kit  and  othen  like  it  cannot  be  used 
to  test  that  area. 

When  testing  painted  surfaces,  start  with  tbe  top 
layer  and  work  tbrongb  all  other  layers.  Itee  the 
General  Instructions  to  test  the  top  layer;  rottow 
instructions  bdow  for  underlying  layers. 

Undcriving  layers  of  paint 

Ahvays  test  every  layer  paint,  from  top  layer  down. 

1.  Sand  a  small  area  (approximately  <me-half  square 
inch)  with  an  abrasive  strip  to  erqxrse  tbe  underlying 
surface  layer. 

2.  Test  tbe  exposed  layer  using  die  General  Instruc¬ 
tions.  Use  a  new  afarasive  strip  for  each  test. 


1.  Apply  two  drops  of  Leaching  Solution  to  iqrplicatar 
tip. 

2.  Apply  a  very  small  antount  of  fine  partides  of  the 
material  to  be  tested  (such  as  ground  paint  chips  or 
paint  dust,  house  dust,  or  dust  flom  vacuum  cleaner 
bag)  to  the  nnoisiened  applicator  tip. 


3.  Apply  one  or  two  mote  drops  of  Leaching  Solutiao 
over  the  panicles  on  applicator  tip.  Wait  30  seconds. 

4.  Apply  j  drops  of  Indicating  solution  lo 
app,’  .aor  tip  and  watch  for  color  change. 

Ceramic  &  enameled  dishes,  mugs,  tea  cups 
Use  the  General  Instructions  or  the  following  method 
(100  test  kits)  as  described  by  the  US.  Food  &  Drug 
Admimstration.  which  has  used  our  kits  for  testing 
ceramics.* 

1.  Place  one  testpaperonaclean  dry  smooth  horizontal 
surface  of  die  item  to  be  test^  If  the  item  is 
patterned  with  painted  decorations  or  decals,  apor- 
tion  of  the  pattern  is  an  ideal  test  spot. 

2.  Apply  two  drops  of  Leaching  Stdntion  to  different 

areas  the  test  paper.  The'paper  most  be  saturated, 

not  just  moist  but  there  should  be  no  excess  solution 
present  The  paper  must  be  in  complete  contact  with 
the  surface  with  no  lidges  or  bubbles  present  The 
moist  paper  will  be  almost  transparent  and  the  pat¬ 
tern  of  the  item  will  be  visiUe. 

3.  Allow  the  test  paper  to  remain  on  the  item  until  dry 
(normally  S  to  10  minutes).  Then  remove  it  from  die 
item  and  place  it  on  a  clean  white  surface  for  viewing. 

4.  Apply  two  drops  of  Indicating  Solution  to  different 
areas  of  the  test  p^ier.  A  rose  to  rose/ied  colored 
stain  will  ^ipear  on  the  test  pqier  if  lead  has  been 
released.  Tte  pattern  of  the  stain  corresponds  ex* 
acdy  to  the  location  on  the  surface  thatreleased  lead. 
In  many  cases,  the  design  of  the  pattern  (or  decal)  that 
released  lead  will  be  clearly  visible  on  the  test  paper. 

Household  Plumbing  -  pipes,  tolnts  and  fixtures 
The  widespread  use  of  lead,  in  the  form  of  leaded 
pipe  and  lead-staining  soldered  joints  in  copper  pipe, 
poses  a  serious  health  hazard.  In  sonae  cases,  particn- 
laily  in  areas  having  corrosive  water,  significant  lead 
contamination  can  occur  in  a  building’s  own  water 
piping.  If  your  pipes  or  soldered  joints  test  positive  for 
le^,  as  a  precaution  run  the  water  for  at  least  two 
nnnutes  from  any  tqi  that  has  not  been  used  in  several 
hours.  Be  sure  toche^  the  waterline  toyourrefrigentor 
ifit  has  an  automatic  ice  maker  or  a  water  Uq).  Thereare 
documented  cases  of  serious  lead  poisoning, particularly 
to  infants,  from  this  source.  Local  authorities  should 


know  if  leaded  piping  exists  in  the  main  water  supply 
system.  If  the  water  comes  in  contact  with  lead  any¬ 
where  along  the  way  to  your  faucet,  it  is  advisable  to 
have  the  water  itself  test^  for  lead  contansnation. 

1.  Locate  an  area  where  water  pipes  are  exposed  and 
determine  if  soldered  join  ts  are  present  -  th^  are  the 
areas  with  silver-colc^  n»tallic  surfaces.  A  greun- 
ish-colored  corrosion  may  also  be  evident 

2.  Sandthepipeand/orthesolderedjointlightiywithan 
abrasive  strip  to  remove  corrosion  and  expose  a 
portion  the  bare  metal  surface.  Use  a  new 
abrasive  strip  for  each  test 

3.  Test  for  lead  using  the  General  Instructions. 

Soldered  seams  on  food  cans 

It  has  been  known  for  decades  that  lead  ntigratesinto 
food  from  lead-soldered  seams  on  metal  food  containers 
C'tin  cans’O.  Although  newer  and  safer  metiiods  for 
sealing  food  cans  are  available  today,  about  4%  of  food 
cans  produced  in  the  U.S.  and  a  much  higher  percentage 
of  imported  cans  are  sealed  with  lead  solder.  The 
combboed  total,  domestic  and  imported,  indicates  that 
hundreds  of  millions  of  lead  soldered  cans  are  placed  on 
market  shelves  in  the  U.S.  each  year. 

1.  Peel  back  label  to  expose  vertical  side  seam. 

2.  If  the  seam  appears  as  a  clean  black  line,  the  can  was 
welded  without  lead. 

3.  If  the  seam  has  a  coating  of  silver-cdored  metal,  it 
has  been  sddered.  Test  for  lead  using  the  General 
Instrudums. 

4.  If  the  outside  of  the  seam  tests  positive,  carefully 
examine  the  inside  of  the  caa  If  the  protective 
coating  on  the  inside  of  the  can  is  degraded,  test  the 
inside  seam  for  lead  release.  Wash  and  rinse  the 
inside  of  the  can.  and  dry  it  well  with  a  paper  towel 
before  testing.  If  the  inside  seam  tests  positive  for 
lead,  the  contents  are  probably  tainted  with  lead. 

Printed  food  storage  bags 

Printing  on  bread  bags  and  other  plastic  covering  is 
often  loaded  with  lead.  Scientific  studies  indicate  that 
these  bags  will  release  hazardous  amounts  of  lead  into 
food  if  the  food  comes  in  contact  with  the  printing.  To 
test  for  lead,  fdlow  die  General  Instructions. 
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HOW  TO  TEST  FOR  LEAD  -  GENERAL  INSTRUCTIONS 


Important:  •  Read  and  understand  all  of  the  instructions  in  this  booklet  before  testing. 

•  Frandon™  Lead  Alert  Kits  coiuain  non-toxic  reagents.  Even  so,  we  suggest  you  keep  all 
contents  away  from  children,  wash  hands  after  use  and  avoid  contacting  eyes  with  solutions. 
If  contact  occtss,  flush  eyes  thoroughly  with  water. 

•  Use  care  when  handling  Positive  Control  Strip. 

FoBow  these  instructions  in  their  exact  order.  FIG.  1 

1.  Prepare  Indicating  Solution  (see  inside). 

2.  Apply  two  drq)S  of  Leaching  Solution  to  tip  of  applicator 
(or  test  paper  placed  on  surface  to  be  tested)  -  FIG.  1. 

3.  Rub  the  cotton  tip  on  the  surface  to  be  tested  for  10-15 
seconds  (or  allow  the  filter  paper  to  dry  on  the  surface)  -  piG.  2 

no.  2. 

4.  Add  two  drops  of  Indicating  Solution  to  the  ai^licator  (or 
test  paper). 

5.  Interpret  the  results  as  follows: 

Positive  Result  ~  The  appearance  of  a  pinkish  to  rose/red  FIG.  3 

color.  This  indicates  tlm  lead  is  being  released  -  FIG.  3. 

Negative  Result  -  The  appearance  of  a  yellow  stain  that 
fades  away  within  a  few  minutes.  This  means  that  lead  is 
not  being  released  or  is  not  being  released  in  significant 
amounts. 


IF  YOU  GET  A  POSITIVE  RESULT 

A  positive  resvU  occurs  when  the  qjplicator  tip  or  filter  pqrer  turns  pinkish  to  rose/red.  Paint  that  tests  positive  should 
not  be  sanded  or  scnq)ed.  Lead  poisoning  could  result  fr^  inhalation  or  ingestion  (eating)  of  paint  citips  or  particles 
tiuu  spread  throughout  your  home  as  a  result  of  sanding  or  scraping. 

Based  on  published  data  fipom  EPA  studies  conducted  during  1991  the  Frandon™  Lead  Alert  Kit  has  greater 
sensitivity  in  detecting  lead  in  paint  than  does  major  competition.  Additionally,  in  this  study  the  Frandon'^  LeadAlert 
Kit  cortsistently  picks  up  lead  at  mkrograms,  and  is  shown  to  be  considerably  more  sensitive  than  major 
competitive  products.* 

If  the  liquid  or  food  contact  surface  of  a  ceramic  cup,  mug,  pitcher  or  jdate  shows  a  strong  positive  result,  lead  could 
migrate  into  food  or  drink  that  is  prepared,  served  or  stored  in  the  item. 

If  you  wish  to  determine  the  exact  amount  of  lead  being  released,  contact  a  qualified  laboratory.  A  qualified 
laboratory  will  also  be  able  to  confirm  lead  release  that  may  occur  at  levels  below  the  detection  limits  of  this  test  ItiL  Your 
local  public  health  department  should  be  able  to  assist  you. 

*  Note:  Neither  the  Environmental  Protection  Agency  nor  the  Food  &  Drug  Administration  endorses  or  recommends  any 
commercial  products. 
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Testmgwith 

Acc-U-Test™  Lead  Activator  Solution 


Properly  following  directions  is  the  key — 
safe  and  accurate  testing  is  the  result. 

How  to  Use  the  Acc-U-Test'^  Lead  Activator  Solution 
to  Perform  an  Inspection 

1.  Using  a  razor  knife  or  similar  tool,  carefully  slice  into  the  painted 
surface  so  as  to  expose  all  layers  of  paint  much  like  a  slice  of  onion  or 
fingerprint  (do  this  in  a  spot  not  easily  noticed). 

2.  Illuminate  the  area  where  necessary  and  examine  the  cut  with  your 
magnifying  glasses  to  insure  ail  layers  of  paint  are  exposed  down  to  the 
base  material. 

3.  Place  a  small  quantity  of  Acc-U-Test™  Lead  Activator  Solution  on  one 
half  of  the  cut,  this  will  allow  you  to  compare  your  results. 

4.  A  positive  result  is  indicated  by  a  change  in  color  fi’om  gray  to  black 
depending  on  the  amoimt  of  lead  in  the  paint. 

5.  If  no  color  change  occurs  the  result  is  negative.  A  darkening  of  the  paint 
i.e.  bright  red  to  a  darker  shade  of  red  is  a  negative  for  lead. 

6.  Should  other  color  change  occur,  i.e.  red,  blue,  green,  etc.,  these  are  also 
negative  for  lead  content. 

7.  Test  all  surfaces  even  if  they  appear  to  be  unpainted.  Antiquing  and 
feather  painting  can  hide  several  layers  of  paint. 

8.  Dark  or  black  paints  can  be  tested  using  the  method  for  dust  or  pottery. 

9.  Be  alert  for  single  layers  of  lead  paint  sandwiched  between  multiple 
layers  of  non  leaded  paint. 

10.  Testing  should  be  performed  on  suggested  areas  both  inside  and  outside 
the  dwelling. 


90°  cut 


Cuting  a  paint  chip  sample  from  a  window  sill. 
Apply  solution  to  lower  half  of  chip. 


Acc-V-Tttf"  Lead-Hazard  Detection  Systems,  A  Division  of  SSLPT,  Inc.  Copyright  0 1992 
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Testing  for  Sources  of  Lead 
Other  than  Paint 

Althoxigh  paint  is  by  far  the  most  likely  source  of  lead  poisoning,  you  should 

be  alert  to  the  possibility  of  other  sources  of  lead  in  the  environment  which 

may  contribute  to  the  body’s  overall  lead  burden  (dust,  toys,  pottery,  water 

etc.). 

Testing  a  Dust  Sample 

1.  Take  an  alcohol-based  towelette  and  using  a  thorough  wiping  motion,  wipe 
the  area  to  be  tested. 

2.  Fold  the  towelette  back  into  itself  in  order  to  hold  the  dust. 

3.  Place  your  sample  in  a  small  plastic,  glass,  or  similar  lead-free  container. 

4.  Add  enough  4-5%  white  distilled  vinegar  to  cover  the  towelette. 

5.  Cover  and  let  stand  8  hours  or  overnight. 

6.  After  allowing  the  sample  to  set,  place  a  small  amount  of  the  vinegar  into  a 
small  lead-free  cup  (white  paper,  clear  plastic  or  styrofoam  will  do). 

7.  Take  the  liquid  outside  of  the  building.  Th*  harmless  odor  created  by 
adding  the  Acc-U-Test^  Lead  Activator  Solution  will  be  unpleasant,  so  it  is 
advisable  not  to  perform  this  part  of  the  test  indoors. 

8.  Add  one  or  two  drops  of  Acc-U-Test'**  Lead  Activator  Solution  to  the 
vinegar. 

9.  A  reaction  in  color  from  milky  gray  to  brown/black  indicates  lead  in  the 
dust. 

Testing  Pottery 

1.  Fill  the  cup,  dish,  plate,  bowl,  etc.,  with  4-5%  white  distilled  vinegar.  Or,  or 
place  the  item  in  a  lead-free  container  and  add  4-5%  white  distilled 
vinegar. 

2.  After  letting  the  vinegar  set  for  24  hours,  pour  a  small  amount  (an  ounce  or 
so)  into  a  clear  plastic  or  white  paper  or  styrofoam  cup. 

3.  Take  this  outside  of  the  building.  The  harmless  odor  created  by  adding  the 
Acc-U-Test^  Lead  Activator  Solution  will  be  unpleasant,  so  it  is  advisable 
not  to  perform  this  part  of  the  test  indoors. 

4.  Then  add  a  few  drops  of  ^e  Acc-U-Tesf'**  Lead  Activator  Solution.  If  the 
vinegar  turns  milky  gray  to  brown/black,  the  item  tested  contains  lead  and 
should  not  be  used  for  food  or  drink. 


This  Kit  was  developed  by  professionais  with  more  than  20  years  experience 
in  testing  for  lead  hazards  in  the  home.  The  Kit  was  developed  tor  the  convenieiKe 
of  the  home  owner.  It  should  not,  however,  be  used  as  or  considered  a  regulatory 
tool. 

If  interpretation  of  the  test  results  is  difficult,  or  if  a  complete  lead  inspection 
is  desired,  you  should  contact  Acc-U-TesC^,  your  local  laboratory  or  a  ptofessionai 
lead  inspector  for  a  full  analysis. 


Ace-U-Ttaf^  Lead-Haxari  Detection  Syetems,  A  Dieition  of  SSLPT,  Ine.  Copyright  C 1992 
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Precautions 

Our  Acc-U-Test™  Lead  Activator  Solution  is  no  more  hazardous  than  ordinary 

household  bleach,  however,  common  sense  precautions  should  be  followed  as 

you  would  with  any  chemical. 

*  Avoid  Contact  With  Eyes.  Should  eye  contact  be  made,  flush  with  clear 
water  for  fifteen  minutes  and  call  a  physician  immediately. 

*  Skin  Contact.  Should  skin  contact  be  made,  wash  with  soap  and  water 
when  possible. 

*  Do  Not  Leave  Unattended. 

*  Allergic  Reaction.  In  the  unlikely  event  of  allergic  reaction  to  the 
chemical  (it  smells  a  bit  like  egg  salad),  discontinue  use  and  provide 
fresh  air.  Wear  disposable  plastic  gloves  if  allergic  to  the  solution. 

*  Wear  Safety  Glasses.  Use  glasses  that  double  as  magnifying  glasses. 

Care  of  Acc-U-Test™  Lead  Activator  Solution 

1.  Store  tightly  capped 

2.  Keep  away  from  children 

3.  The  shelf  life  of  the  solution  is  more  than  1  year. 


Some  Recommended  Areas  to  Test 

Suggested  areas  to  test  for  lead  are  indicated  with  arrows  on  the  drawings  on 
the  reverse  side  of  this  flyer. 

Other  Products  and  Services  Available 

AcC'U-Test^  Lead  Hazard  Franchises  Available 
Inspector  Training  Programs 
Master  ffit 

for  those  interested  in  beomiing  a  lead  hazard  inspector 

Watm*  Test  ffit 
hispectional  Services 


Acc-U-Tett^  Lead-Hazard  Detection  Syeteme,  A  Divieien  of  SSLPT,  Ine.  Copyright  C 1992 
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Some  Recommended  Areas  to  Test 


Aec-U-Test™  Ltad-Hauud  DtUetion  Sy$ttm$,  A  Division  of  SSLPT,  Inc.  Copyright  C 1992 
PO  Bok  143  •  Bait  Waymaath,  MA  02189  •  (617)  749-1443 


THE  LEAD  DETECTIVE 


Lead  Paint  Detection  Kit 


Detects  lead  in  paint  down  to 
1%  by  approved  state  method 
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the  black  color.  Buried  lead  layers  are  potentially  just  as 
toxic  as  surface  lead  paint . 


c 

■S| 

3  S 


O  CQ 

l§|l 

-a  a  cx. 

0  3^0. 

■S’q:§  S 

t)/"  t« 

o— ' 

^  2 -s-a 

e  3  c  ’CI 

fc  O  .5  4> 

5  c  w)  s 

g.S  6 

S  3  2*3 

0  o  a 

>T-i  **-■  JS  ‘3 

S  ftj  O  *0 
c3^  «* 

■sl 

Isas 

^  CKg  5 

«4-  ^  » 

^  y  O 

J2  S  °  ^ 

•g  ®  V;  O  «-* 
X  *-•  O  4>  *0 
JU  A  (m  I>«  piai 


-3 

v  *>> 

«*-•£  —  js 
Q  *0  ti 

gSSs 

»2  ^  I  o 

2  o 


•S§-3g« 

IsiSi 

cu*g  '?3  o  O 

O  O 

•S^  «  c  2J 

C  OOj;  O  2 
.3  -C  o  C  -3 

C  :?  S  3  ‘5 

^  f  2 

o-ca  2^  G 
2  2  2-3^ 

•§’§  ^cS 

•g  3  «j  «  cB 


^  i/»  ^  t-» 

i2  2  t* 
^  S  -ja  w 
cc  o 

4j  ao-3  c 

ei^  = 

Im  c  X  M 

•>  3  5 
«-  ^  as  C 

Sc  “3 

‘^.§11 
2  -  c  ea 

■3|2-s 

•g"o|>g 


V  w  u 

2ig  £  E 

5  Bib 


^  3  «*  4i 

M  0,35-3 

as  C  U,  u 
^  2  <^  > 
^2-32 

■§  oO'S 

JJs--  i 

2\  3  *r^ 

£f*a  S 

O  O.X) 


3-J  3 

Sg  I'?- 

•“  S  a  2 
at  S  2 

«  3  E  c 

■56  g-S 
2  -I  -2  ^ 

p  t/i  ^ 
U  ,3  O  cB 

Sill 

..  W  Tv 


11 
O  €/) 

e  g. 
s  *> 

A  -S 

>^.S 

2  "o 
o  2 
fcS 
£2 
3'  > 

S  '  oi 

►^^'3 
•3  ^  -C 


•o  K  d 

i'S  3. 

Iff 

.  “  2  ^ 
2  "S 

0  c/> 

•o  c  « 
c  "" 
330 

I  M  ,D  C 


%-£  ^<2  « 

JS  S*!3  ^  ® 
^  ^3  bS 

ifteSg 

■"2  -x;  >> 

2--  o.^’S 

in  3  js  ^  2 
^  A  CO  -0  3 

3  c4)tio2  2 

.2  P-I  2  ^ 
y  fi  gjfi  s 

•3  -p  s  o  2 
«*  S  « -0“" 
g’pl’S 

g  3^  I  6 

^  2  2  >”  o 

A  W  C  O 
C  3  D  O 

alliis 

o*  C  S  A  b 

U—  ®  J3  x: 
>V.3  ^  ^ 

■H  3^  ^ 
o  CO  p:  o 


111 


Keeping  the  bottle  stoppered,  out  of  the  light  and  false  positive  reading, 

refrigerated  will  extend  its  shelf  life.  This  pertains  to 
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